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COPES: Background and Acknowledgments 
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on e lementary ^school sci e nee 'conduc te d by New York Univer-sity 
scientists, psychologists, and educators in 1S(62'.. Astja result 
o;e':this' conference, Morris H. Shamos , Professor of Physics, and^ 
J. Darrell Barnard; Professor of Science ' Educatipn , developed a 
plan to produce a conceptually oriented program ir) elementary 
science- (COPES). With the admi*:ii slira tive support of Dean Daniel 
E. Griffiths', of the School of Educati-on, and Dean George^ 
Winchester Stpne, Jr., of the- Graduate School of Arts and Sci- 
ence , the plan was accepted as an al.l-Uni ver si'ty project. The 
Advisory Committee^ and Consultants to th^ project include the 
following rtrembers; ' ^ * 
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State University at Ogonjtz , - ^ ' 
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.WilPiam J, Crotty, Professor of, Biology, New York University 
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A two -year pilot study to test^the feasibility of a conceptual 
sche.mes approach was funded by the United Statds Office of Educa- 
tion, The success of the pilot study, dealing with one concep- 
tual scheme--the conservation of energy--led to th^ productidn 

3 if an *e lementar y school science program based upon th,e five cjon- 
eptuai schemes outlined in the Introduction* to this Guide;.' 
• ' * ^ " ' 4- 

The COPES Staff is cited below, along with prervio^us members who ^ 
have ^contributed to' the. Grade' 5 materials: 
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Several research studies have been conducted with the COPES mate 
rials* • Leon Ukeris conducted a research study in Towson, Mary- 
land including Minisequence II of this grade as pa^-t of his doc''- 
toral studies at New York University^ * ' * 
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tie,s • V 
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An Introduction to COPES 



COPES (Conceptaual ly Oriented Program in Elementary Science) is 
a science curriculum centered on some of the major conceptual, 
schemes ia^ science. We adcept tbe^ premise that general educa- 
tion in science is a necessary part of the eeliaca t ional str.uc- 
ture, not so much for whatever practic-al values it m^y afford 
as for its pure intellectual stimulation. The^jOf ,i s" also a 
growing awareness, among the general public bf' the iriSteasing 
imt>act of science and technology on modern civ^il^ization . Yet, 
paradoxically our society is'very poorly informed in' science. 
'While manyV be#iieve that science belongs with ^hoseMi scipl ines 
that traditionally have been regarded ^as essential to irtan ' s 
cultural enrichment, the aVe,rage person fails',,to se-e it\in this 
light. Whatever the reason, ^clearly our educational system is 
at fault. ^ It is'^probable that past efforts to minimize the 
intellectual challenge in science curricula have succeeded 
mainly in distorting the naturae of the enterprise- in the. minds^ 
of m9st school children. By the- time these children • reach high 
school, tiheir natural curiosity and interest in science appear 
to be greatly diminished. Of those that e^ter college,* a great 
many are actually repelled by science. * 

Elementary schocrl children, as a whole, are probably the most 
receptive) the most curious, the most* imaginatiVe , -and the most 
cooperative "non^^^sc^en^e" students one can find" in our educa- 
tional system. 'Today,' it is" appkrent \hat much more ^can^e 
accomplished at this level than was bfelieved possible in t^he 
^jas^ . In these formative years, Vh^ minds are so receptive to 
new idea^ and before children'.s patterns of thinking become too 
crystallized, we think it possible to develop. a foundation in* 
science that will remain a permanen't part of their intellectual 
life . . \ • 

Whrat is th^ best way to help young^chiLdrep attain a level^of 
under standing , and appreciation of scie.nce that will serve them 
through their afiult lives? Rather than .fill their minds with ' 
unrelated facts and details, the COPES approach is to focus 
their afetenti9n on certain of the "big ideas" in science--the 
broad, inclusive, conceptual schemes in terms of which the 
scientific community seeks/to account for the familiar facts of 
nature". These central ideas are stressed ' throughout .th'e pro-"" 
gram ; , whe rever possible, everything in the curriculum is re- • 
lated to thesfe conceptual schemes. We believe that long after 
he or she has forgotten the facts of sc*ience , a child exposed 
to such a^curriculum may retain so^me understanding of what' is-^ 
truly important. It should make it clear that science is moire 
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th?r? a collection of isolated facts and provide the child with 
a, solid framework on Vhich to "construct a personal view of^^the 
world of nature. We also-believe that having such definite ob- 
jectives, in the form of conceptual schemes, adds, io the peda- 
gogical strength of the curriculum because it provides- teachers 
and stadejits with clearly defined goals^, as w-ell as a^cohesive 
picture, of science. ' ' ► ' , 



- THE CONCEPTUAL SCHEMES • 

Civi.lized man has always " prized' bold ideas, whetheV in art, / 
literature, pol i t ic s'-'-or . sc i e nee , Throughout history, the 
great ideas stand out as focal poin-ts for nj^w systems of phi- \ 
los-ophy, new religion's, new modes of {ihought., ev-en new soci- 
etiest. ^ Their counterpar-ts in the sciences play a similar role. . 
The big ideas in science; are man's respon'se to the challenge ,^ 
of nature, his way- of trying to Account for faiqiliar facts in 
terms of a relatively few^.basic schemes which, help to unify, 
broad ranges of experience. Thus sci'enc'e i? not simply a maty 
ter of accurate and detailed descriptions of things, And evej3^ts, 
or of ^extending o>45r senses by the use" of instruments. These 
are merely "steps to a much larger objective: v the' * invention of 
models* (theories) that form the bases for al 1 ' expl ana t ion in 
science. -Such unifying ideas a"s-_the kinetic-molecular theory, 
the statistical view qf the universe, the ' conservation princi- 
ples, the quantum theory, the gene theory of heredity, etc.," 
are the kind^ of fundamental s*chemes to which sc i e nt i s ts i n- 
' stinctively tyrn when- faced with new prob^lems. They represent 
the pinnacle of explana\tian in science, the produc t ' o f, man * s' 
creative imagp-nat ion^-ahd should -be classed amo^ the greatest 
of hi,s intellec^t ual achievements. ^ , ^ • * 

Wbile they may differ greatly in sub^ject jnatter within the 
broad field of science-, these conceptual schemes have irj common^ 
that they are not susceptible to direct experimental verifica- 
tion. Thus, the assumption' that master is composed, of small, 
discrete partic le s--a toms or molecule^--which is. basic to the 
kinetic-molecular theory, is obviously not subject' to proof of^ 
the kind, that might b^ considered "directa.;^ Th^ same' is true ^ 
of all major conceptual schemes; to scientist's thefy are-essen-^ 
tially "articles of faith." Our confidence in them' rests upon 
th'e degree^ to which they help us*to account for our experiences 
with nature in an intellectually satisfying fashion . ^' And the 
'wider their range of application, the strofiger is our belief 
in their validity. This i*s not to say that conceptual schemes * 
a.re infallible; they are, after all, subject to almost'^the same 
uncertainties as any other of man * s ide^s But. those th^t per- 
sist a^ter'being subjected^to the test of time, includirrg re- 
peated challenges and refinements by competent critics, become 
the foundations of science. 
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Five such conceptual schemes form the nucleus of. the COPE^ cur- ^ 
r^iculum:^ Structural Units of %the Universe;* 2. * Inter- 

action and <:f^4nge; 3. The Conservation of Energy; 4. . The 
Degradation oAEnergy; 5. The Sta.tistical View of ^Nature. These 
schemes wera^'S'eyiected ^because they include most of- wha't^ is funda-* 
mental in acien\ce and' because they provide the basis for a log-* 
ical, sequertt iavvdevelopment of skill's an'd concepts through the 
elementary- grad^sX It may be noted that th^ last three schemes* 
are ^new to the e le\en t ary' €ohool . They have beep 1;:aught , if al:^ 
all/ onlS^ in trtie' seV^ndary schools and QoLleges . i^' Nevertheless / 
b^cause^ of their great importa^nce in* contemporary science, and 
a convi-ction that even such "seemingly soph is t i?:a te d* top^ic s c>^n 
•-be made meaningful to^ elementary school chi^ldren, they are in-^ 
^eluded in COPES. " " , ' , ' " * 

Following are brief descriptions of each of the conceptual ' 
gch^mes from a scientif.ic .point of vieW, ' How COPES deals with 
them IS described in greater^ d-etail in Introductions ' to- ^ach 
gradelevelandsequence*ofActivities. 

1,.' The. Structural Upits of 'the Universe 

The notion that the uniye'rse is made up 6f various kinds of 
discrete units of matter is central to the formal pursuit of 
science. Whether they be the smallest subn'uclear particles* or 
the largest stars, whether a single giving cell 'or^a complex ^ 
organism^ it is the'^ d i s c re t ejTes s of matter that makes it feasi- 
ble, to 'study nature--to cla:s'sify' its 'structural units and es- , 
tablish a hi^eralrchy .aniong them. Atoms, molecules^ crystals, 
cells, organ-isms plants , animal^, pi ane ts , "s tar s', etc. --these 
are the structural forms in which matter -is f ©-utid . The more* 
complex, ^orms , or tiigher levels of organ^'za t ion., exhibit prop- 
erties that' are generally mi^re th^an the simple sum of their 
pa-^rts. «The structural units with which students have any di*-. 
rect experience, that is,^ large-scale matter, are'composed of 
smaller units, and these, in- turn, of s t il 1 • smal 1 e r ^ un i t s . As 
for the fundamejital" "building blocks" of matter, for the. pur- 
pose of the COPES program these a.re taken to be atoms or, as 
more commonly encountered in nature^ molecules. , '* • 

While th^ idea that" matter is irfade^up of discrete parts is ob- . ' 
viously'an important ane a corollary»is perhaps "equally im- 
portant: This holds that nature is essentially simple--^ that in^ 
spite of the great diversity we observe, the number pf'truly 
different "building blacks," Xs re-asbnabiy small. The number of 
differeint, molecules (oompounds)^ is hug^fe, but all are made of 
coml^inations of two or jnore atoms. Th^re are only ^about one 
hundred different ^j^nds o'f atoms (elements) found in. nature, 
b'ut even these exhibit certain similaritie^s that permit ■ group- ' 
ing tjiem into still ffewer major cate^rles ( e . g . the'- e igh t'' 
different ."families" of -the Periodic Table^): . Jt is this sim- • 
plicity'that pej^mits-'us to seek^out the o*rder in* nature and 



understand it. Think how impossible this -task would be were i6^ 
■not, for. the fact that'we are able to reduce our ..observations to 
relatively f^w totally different experiences. Corresponding ' ♦ 
orde'r is found in the life sciences.- The basic reason for 
classifying things--for keeking similarities among apparently 
diverse plants .and animals--is to reduce the "total number "of 
dififerent living things to manaaeable- proportions Think how 
difficult thelife ^sciences would be if no two plants^ or no 
two animals,, had similar characteristics. * 



Interactio-n aod Change 



Taken as a who.le, the uhiverse is co/istantly changing. This is 
evident at most levels of organization: stars, planets, geo^ 
logical formations, living things', etc., -all change wTth time 
in perceptible ways. Some changes are readily observable, 
which means that they occur in relatively short: periods' of 
time. -Certain chemical and nuclear reactions are examples of 
,r,apid -cHanges . Others, such as most evolutionary or , geological 
changes involving very long periods of time, are not as^evident 
and must be i'«»^.^red ' f rom indirect evidence rather than from 

-rect observation. Thus the -^rate at which a given change 
occujrs is a critical factor?: In detecting this ^change and as- 
sessing' it-s magnitude apd^ import. ^ r\ 



Changes occur because of inte^r actions among the structural 
uni.ts of matter, with "the result that either tbe ^ proper ties or 
arrangement of the units may bfe altered. In te-r act Lons among, 
units of matter take place through fields- of 'force, of which 
several basically different types can be, distinguished. Only 
two of these, gravity and electroma^^gnetism (electric and mag- 
netic forbes), are normally experiericed by the average ^ndi- 
vidua^l. In fact; the electric force alone, is sufficient to 
account for most of our experiences., including practically all 
chemical and biolo'gical changes. -Th'e weakest force (gravita- 
cfcional)* and the strongest (nuclea^) play particularly -interest- 
ing-, roles j^n e^ffecting changes in the universe. ►The former Is 
significant only for the largest structural units--plan'ets^,^ 
starsv' etc. --while the latter applies only to the smallest, 
subnuclear particles . » - ^. . 

N'o change occurs without an intera<ition — either between uniM:s 
of matter or between matter and energy. Thus the concept of 
force as the "agent" of change plays a central' role in science 
and in understanding the evolving universe. 

7 " ...J 



3 . The Conservation of Energy' 
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As one contemplates the concept of a changing universe, it as 
comforting to "find some properties ,of the unive rse . that appeaf 
t|p be invariant. Such invariant properties are said to.be- 
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"conserved," and the statements describing them are generally 
referred* to as "conservation -laws." 



The most fun'damental pf these laws are conservation of electric 
chajoqe and conservation of energy. The latter is of special 
>R^e,Fest because it is so basic to all of science. In fact, 
the except of energy itself ^became .central to all of science, 
largely because of , t^e, conservation idea. Conservation of mat- 
ter, if. thought of as conservation of mass,'whi;Le a useful con- 
cept in ordinary, low-energy phenojoena, is not valid for high- 
energy interactions. Instead, the principle of conservatio,n of 
energy has been''>roadened to include mass a^s a' form of 
leading to the conservation o f ^mAtter-energy^ 



energy , 



LQt'a 1 



itaf 



amount of 
is obvio 



matter and energy in the 
asly a powerful conceptual 
eful guiding pri>nciple' in all of 
ed idea of conservation of energy 



The notion that the"^ 
universe remains consi 
idea, perhaps the most 
science. ' The more-limil 

alone, while not so >R£;L'usive, is found to hold so well for the, 
low-energy interactions normally encountered by children (e.g., 
in, energy conversions)' as to constitute a highly significant 
conceptual scheme a^ the level to wh i^pi^^'Th^vC^PE S prcgram is 
addr e ss e d . 




One cannot fully* aeveiop, une • laea of energy 

meaningful way wVthou t ' a 1 so c/llijig attention to the direction 
of, energy changesV as embodi/d in -the corollary conceptual 
scheme," degrada tioV, of enej^^y. ^ ^ ' ' 



a unidirectional character. ^ That 
way as to bring, the .universe closer 
will 



Natural events tend to have 
is, changes occmr in sucjf a 

to a final state in whi^h it will have lost the "ability to do 
any useful worX . Thus, in the conversion of energy from one, 
form to another, while the principle of energy conservatio'n 
Applies, part of -the energy appears in a form tha,J: cannot be 
fuJjly harnessed i:o do mechanical work. ^This form is he^t ' ^ 
energy, .by which is meant the kinetic energy of the assumed 
random motion of particles of matter. ' " . 



T^e idea of, particles,, movijvg at random is central to the kinet- 
ic-mo lec ular „ theory , which has proved, to be an'effective model 
for understanding gas.es, as well as the concept^s of heat, tem- 
perature, and the states of matter. in this s^ense degradation 
of energy means that every change in the universe oQcurs^in 
^uch a way as to result in greater randomness,--that is, matter 
tends. to spread out or become less organized and energy tends 
to distribute itself more widely.^ ' ' '* \ • 
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.In jnore formal terms, the tdea that changes occur in, this 
fashion is expressed as -the second law of * thermodynamics 
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T-hus, heat flows from a warmer to a colder body, but the re- 
verse is not observed Tunless energy is supplied from an e:^ter- 
nal source. Similarly, it is easy to fill a large container 
wi gag /molecules) by releasing a small amount of gas into 
'it--the gas^"spreads out" to fill the container. ^he reverse 
is not so easy. Compressing gas from a large container into a 
smaller one requires that external work be done on it* The 
same genera.1 idea applies to all changes that appear to result 
in higher states of organization, even to thgse' in living sys- 
tems, while, the organism itself may become more ordered, it 
does so.only at the expense of. its environment, which becomSS/* 
more disordered. The net result is a/i' ov-erall trend toward /' 
xiisorder, mea'ning that the total energy' is degrade'd. *\ " / 

5 Th.e Stat isticLal View ^of Nature ^ 

The modern view is 'that natural even*ts caa be predicted only on 
''a statistical b^sis . Most of our experiences with nature in- . 
vblye large nuifibers, with the result that, on the whole, nature 
appears reguxai: and predictable. Even the smallest sample of 
matter v/ith which one normally comes intd contact contains huge 
numbers \?f atoms or molecules, so large that one can readily* 
predict the average behavior of the sample. This is somewhat 
analagous to a '^ame of ' chance where, given a large number of 
events, the overall outcome can be reliably predic ted--e ven 
though the result of a single event cannot be fore.cast. In 
fact, the Same mathematical laws of probability that apply to 
games of chance appear to be successful in he'Lping one predict 
the statistical behavior of natural phenomena. 

When one studies individual or smai-1 numbers Of events, the " 
random character of natural phenomena becomes evident. Radio- 
activity is one such phenomenon where behavior can be predict- 
ed only on a statistical basis. Another example is the trahs- 
mission of genetic characteristics to succ^ssives generations 
of living things , as described by the Mendelian laws * s^tlll 
another is the Brownian ^motion of sm^all ,* m.icroscopi'c paistlcles/ 
which havQ an erratic, unpredictable motion.. Examples are 
limited because ,randomnes s is apparent only when dealing with 
small numbers) which one does not often en>counter in^nature. 

Yet the idea that on a submicros copic le.vel a'll phenonjena are 
'random, and thak. nature is predictable only by the pl^y of 
large numbers ,» is obviously a basic a,nd important ,c6nc'eptual 
scheme. The cha 1 lenge*^ is .tq convinf:^ 'children .that one can 
reasonably generalize .to this concJLusian frotn the f ew ' cor\cr e te 
examples that are available--to convince them, for instance, 
•that while the motion of individual mdlecu^les of a gas is per- 
fectly random, the overall, behavior of a large. colT.ection ^of» 
molecules, like that ^involved in the diffusion of cooking 
o^ors through a house, is en tii>e ly ^predictable . 




THE .METHODOLOGY OF SCIENCE 



There 



Such are the "big ideas" with which COPES is concerned. There 
is more to them than appears here, of course, and elaborations 
of each of the schemes will be found at various points through- 
out* the curriculum. There is also more to the "con'ducjt'" of 
science than may be apparent in this approach^. what might be 
called the methodology of science^ by which -we mean both , 
scientific procedure* and the attitudes one must'^bring to^it^ ' 
is an essentia^l part of *"Sxien tif ic inquiry. ^ ^ 

• • , ^ ' ■ , -V- \ , 

is a popular misconception that in the practice of 
science one proceeds in .an orderly, systematic, prescribed, 
fashion. The* term "scientific mei^od" is often used' to des- 
cribe this, as though all that is n^eeded f^or scientific' dis- 
covery is .to follow a particular set 6f rules. .The term is 
unfortunate because it implies a fixed routine that one rarely, 
if ever, finds in practice. There is no one "scientific meth- 
od." Instead, there are cerjtain pr'ocesses that one can iden- 
tify as being common to all scientific inquiry. These include 
such st^ps as observation, measurement, experiment, formulation 
of laws, and the creation of theori.es. 



Since one can hardly expect students to formulafe basic laws 
and theories, science process takes on a somewhat diff^reh^ 
connotation in the classroom. Here, the emphasis is generally 
placed up(^n careful obs^erva tion and measurement, the formula-^ 
tion of "hypotheses" by the students, and t,h^ design of Experi- 
ments to test their hypotheses. Thfe latter might ^be thoughti^of 
as "student theories." \ ^ 



'Learnilfg to "observ,e , " rather than merely^ to "see," to make 
careful measurements, and ^to crepor t* resul ts accurately and con- 
cisely are skills that should stand*one in good stead in a\lyl 
walJcs of life. So, too, should the h^bit of logical thought , 
the value of which i^s very evident in science and mathematics. 
As for experiment, asking the proper questions o f -na-ture - is ' 
both an arjt and a skill--and, in the final analysis, is the 
only way of testing the validity of ideas about nature. 



All thqse considerations, plus a fundamental belief that, nature 
is orderly and that its behavior can be understood through 
scientific study, comprise the methodology of science. 
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Using the COPES Teacher's Guide 



COPES is a spirally consitructed elementarV science curriculum 
that proceeds f r om^ Kinde^rga rten through ciade 67 by a progres- 
sively sophistica^d se r ie s- o I'ea rning ' enpe r iencei^/ to an un- 
derstanding of the five major conceptual s chemes ' out 1 i Aed in 
th^ Introduction. In the COPES Teacher's Guides^ the learnin 
experiences to be developed^ are presented las sequences of 
teaching Activities. 



g(S 



1^ • 



MINISEQUENCES 



The pre-sequence of COPES ' Ac ti^ji ties is designed for young 
children and is presented in two volumes--the Kindergarten- 
Gradfe One and Gradd ywo Teacher's Guides. The main sequence • 
o^ teaching Activitiyfes f6r Grades 3 through' 6 is divided irtto ^ 
a series of ,sh'6rter /sequences each of which is called a Mini- 
sequence., The teapning Activities in a Minisequence focus upon 
a set 'of closely related concepts supporting one or 'more of the 
-conceptual schemes/. Activities have been serially arranged, as 
have the Min i sequence es wi€hii\ each grade. ' 

The titles of the Minisequences ar|d ' t ea ch i ng Ac t i vi t i ^ s far 
which this Teacher:' s Guide ha^ been prepared are listed in- the 
Co'ntents on pages VIII an^i IX. In the Guide, each Mi nisequen-ce 
is p^ec'eded by an introduction which s.ummarizes its relevant, 
featuXe^ and concept^lal development.- You, can, obtain a "gopd. 
overview of the Activities in this Guide" by reading the intro- 
ductions to the various Minisequences* r . ^ 



Assessment materials ar^ included after^ each Minisequence'. 
These materials, which ar.e more ' f ]al^ described "in th6 sect4i^6n 
beginning on page 14, have been carefully prepared assess 
the concepts presumed to be developed and to aid .children in 
attaining mastery ^f them. . - * 



.THE ACTIVITIES 
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Within each Mirfisequence , Activities ard. arranged ^nd numbered 
in the Order in which they should be/ taught. Althougfi the* 
title of each Activit^y indicates something of its^nature, the 
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introductory paragraph which 'follows states its' objectives a^nd 
describes briefly what.it incluc^es. Each introduction jtiay^ also 
.e.xplain how the Activity is related to others in tlje Minise- 
quence. As y'bu will note, the in troductory.^ statement is fol- 
lowed by a list of materials ,and equipment, suggestions about 
how-to prfepare to teach the Activity, and an indication of th^e 
approximate amount of time' that will be need(jd to complete the 
Activity. / ' ' , . 

Suggestions for step-by^st^ teaching .procedures , including 
. questions that might b# raised with the children, are ' presented 
in/the main body of* t^ie Activity in the left-hand columns en-, 
•// tiW^ed TEACHING S»QupjCE . PraQtical hints, explanations of the 
science co*ntent , .a"n^. al te rnati ve teaching suggestions are in-' 
•cluded'^'in the rightf-hand Columns entitled COMMENTARY. The 
teaching suggestio^ns ^are someyhat .detailed . During your. first 
time through -^the y^ctivities , you may wish to follow the sug- 
gestions rather /fclos ely . ^ After -that you may prefer to modify 
the procecjtires Aln ways ;that are more in keeping with your own 
• . ^ teaching. >style/ ^ . , * . . 

> // ^ J 

\ ' iVst the end of some Activities, there is a final section called 

, EXTENDED EXP;ErRl ENCg S . The^'se sections suggest ways in which 
the phlldreji^ can qiDtain further practice- with the skills or 
' ideas in* th^^ Activity or ways in w^hich their understanding of 
the underlyang concepts can be enriched. The Extended Experi- 
ences^ are meant ;to • provide opportunities for particular chil- 
'dren to go beyond the sp^ecif.ic acti^ities^,outl ined in ^e . 
Teaching Sequence. 



INVOLVE^MENT OF CHILDREN 



A f ur^amental commitment underlying the de velopmen t"-o'f—all. 
•►COPEsVteaching materials is that the children must become 
intellectually involved in each learning activi<^ty.^ Thes^ 
mpCefials will help you to encourage such invol veme'n t , by . c r ea t^ 
ing learning situations that, from the' child's point ^of view,' 
are incomplete. You will then leacl the child ta produce an" 
idea that tends to complete the sTvaation.* In psychological 
terms,, y<4u will be "helping the child*\to create' a meaningful * 
entity, a gestalt, from the observations he or, she makes dur- 
ing^ eactji^ Activity . To thQ, extent that the child contributes . 
to* this- creation, by finding necessa*ry data or by evolving an 
explanatory idea^* the gestalt becomes his ar her concept to 
label, to tememl^r, and to. use in further explorations. ^ 

In a COPES Ac tivity , "there are objects and rdeas about %the dl?- 
Oects. Both objects and. ideas *may be arranged in various ways 
You and the child may; evaluate the impl i ca t io^is of different 
arrangements with ^regard \o haw complete each appears to be. 
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The children's interest in explaining their* observations of 
different arrangements can be used to encourage them to arrange 
their knowledge systematically an^to search for information 
that appears to be lacking, ^ ^ '^V 

* * 

The Activities presented in each Minisequer>ce are examples of 
how specific parts of the environmejit can be arranged. The 
Activities lead the children to develop new co/ncepts in order 
to explain what they observe. In the overall XOPES program, 
the CQfii^epts' evolving from the Minisequences, at successive 
gradB levels are gradually blende-d into more widely applicable 
concepts. That collection of concepts,, in turn, is part of 
\(/hat is called "Sciejice." ' 

To be successful in teaching science, it is desirable to help 
children develop^ the point of view that, science is a coopera-^ 
tive venture. You should attempt to use whatever • techniques 
seem appropriate to get children directly involved and working 
together in planning each Activity, in assembling materials 
ar\d0 equipment, in collecting, organizing, a,nd interpreting 
data,' and, finally, in arriving at whatever conclusions appear 
to'' be' reasonable.' 

/— 

To assist the children^'in performing these tasks, Wor^^sheets 
are included whenever appropriate. These must be duplicated 
in sufficient quantities for each child' to have his or her 
own.' Worksheets are used in recording data and in applying 
the mathematical skills required to interpret the data. 
Through experience, the children should see that puttin,g infor- 
mation on paper makes it unnecessary for them to remember num- 
bers when' they want to d^pare one result with another and that 
the* systematic arrangement of data makes explaining the results 
easier. In ;5hort, the Worksheets provide a place to store 
information and facilitate its interpretation. 

The materials" used by the children ,'^^for the most part,.^re 
familiar. Some eqxiipment, such as test- tubes, magnifiers, and ^ 
'thermometers, may be new to them. If so, allow the children 
time to play with* such items before they begin to use them, j 
If this is not done, their attention will be divided between' 
their desire to explore the new equipment and becoming involved 
in using it in the Activity. You will notice that the mate- 
rials and . equipment to be used by the children in a particular 
Activity are not simply handed out at the beginning. Instead 
they ^a;re distributed when the children perceive a need for 
them^ often as aWresult of discussions where problems or ques- 
tion's are raised req^uiring* the equipment to investigate them. 

Frfem time to time, materials and equipment with which the chil- 
dren have been working may be left in a place where they can 
conti'nue 'to v*Q,rk with them during their 'free time. This oppor- 
tunityM^elps not only to sustain in.terest but to reinforce 
skills, Vherever additional practice would be useful. Finally, 

r . ,o / . . . ' 
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It IS desirable to^ use materials at home and out-of-doors when 
ever possible. Children should not have their conception of 
science Restricted to what happens during the "science period" 
in the classroom. 

In order. to, g^t as many* children as pos.sible directly involved 
in each ^Activity , it'^is' suggested tKat they work indivTS^lly 
wher.e distribution of materials anc^ superv-ision are not too 
difficult. In those Activities wKere teamwork is not only fea 
sible but desirable it 15 suggested that they work in smdll 
groups o^f 'tvo t3^ five children. I n- on ly ' ve ry few Activities , 
where the techniques are too difficult and/or possibly danger- 
ous fpr 'the children to manage, will the teacher demonstrate. 

Suggestions are given for initiating each Activity, .This is 
generally done by suggesting ways in which the new Activity - 
builds npon the pr e vioys^ one ( s ) . Regardless of how 'it is done 
children should be helped to recognize the reasons for getting 
i-nvolved. Ypu should not feel constrained to limit your ^ap- 
proaches to those suggestedr-you know the children and the 
kinds of approaches that will have the greatest appeal to t;hem 



PREPARATION OF MATERIALS AND EQUIPMENT, 



V 

The teacher holds the key to 'the success of any science pro- 
gram, .and C0PE5 is no exxreption in tt^is regard, if anything, 
^the teacher must assume a more critical role than in many 
elementa-ry science programs, .There are no textbooks ^for the 
children.'^ All learriing-'^Ac ti vi,ties must be teacher-initia'ted 
and judiciously directed* - . / 

From a child's point of view, COPES is essentially a "do-it- 
yourself" science program. This means that the materials and 
equipment must be available, or there w.ill be no* science le'arn- 
ing. If there Ls more than one teacher for each grade in your 
school, the task of collecting material^ can be shared, ^Thie 
will considerably reduce the preparation time required by .any 
one of you. Childfen and paraprofessionals may also assist you 
in bringing the jnaterials together* (Whenev^er some , advance ' 
p'reparation' must be made, it 'is de'tailed for the teacher,) 
Getting organized for sciensce teaching takes time; however) it 
i*s one of the imperatives of e'ffective teaching in COPES, 

One of the advantages of COPES is that it is not necessary to 
obtain complicated--ancl expense ve--laboratory kits in order, to 
teach the program. As you will observe from 'an examination of 
the lists in the Activities, and the cumulative listing at the 
end of this Guide, the mate-jfials and equipment require'd are 
relatively simple and, for the most part, are readily avail-' 
able^ locaLly . Some of the equipment, such as children's scis-. 
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sars, may already be available in your school;* a few items may * 
have to be ordered from onQ of the scientific s'upply companies/ 
.Insofar as possible the same materials and equipment are used 
repeatedly throughout each Guide and from grade to grade. This 
is done to reduce the need for a wide variety o^^mat^rials and 
equipment. Fdr convenience, .the quantity^ of items indicated in 
the list witj^each Activity is based on the assumption that there 
are 30 s^tarcTents in the class.' You will need to obtain only 
'enough for the actual number of children in your<group.. odanti- 
<tative speci fications of materials are given in 'Fbth the English 
and Metric systems^. "However the Metric system is' used wi,th the 
ci^i^dren throughout the COPES curricul'um, whenever measurements 
are made. ' ^ 

-Worksheets and -assessmen't materials are bound into the Guide at 
places wherp they are to be used. in this -condition they cannot 
be easily reproduce'd. Therefo're a separate section coijtainirig 
duplicate copies of .all Worksheets (and Assessments) is in\:]}uded 
at ^he end of the Guide. These single copies are t^o be tor^ fc)ut 
along the binding of the Guide, as needed,, and used for repro- 
ducin-g mul.tiple copies ^foi: the children, . Thus it is essential 
; that 'you have- facili'ties* for reproducing copies of these ma- 
terials. 

. / 

\ TEACHING-TIME , 




The tecSmmended number of hou^ that the 'children will* need to 
complete' the work is given .for>^ch Activity. The time t;o be 
allocated^is giveo in hours, rather than class Sessions, be- 
cause the duratipn of the latter varies so much from school to' 
school, and ^evexi from class to class. 1-^ is usually reported' as 
a r^ange of hours rather than a specific number. Yo.u may firid 
that some Activities will be completed in less time than ^recom- 
mended, whereas othet.s 'may t*ake \onger. Avoid rushing the chil- 
dren; op the other hand,^avoid ex^tending Vork beyond the time 
that is obviously suitable. You mus^t be the judge regarding 'the 
optimum time to, allocate for each Activity. , ' . - * 

Most Activities take between half an hour an>d two l^oilrs. The 
children's attention span must be taken- into accouht in deter- 
mining how tine longer Activitijes will be broken up. Logical 
'breaking points-are at the end of the numbered Sections in the 
TEACHING ^SEQUENCE for each Activity. 
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PRODUCTIVE DISCfJSSIONS '1 



Discussions of children's observations are freq.uently used in 
leading them ^to the idea or conpept for .which' the obse r va tiOTis* 
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were planned. However, as youknoV, the" bes t-inten tioned di scus- 
sions do not always turn out as Rla^ine^. When this happens, 
teachers 'often resort to asking x:lue questions to help children 
ques§ the teachers-desired response. Such a technique, born out 
of desperati^on , usually results in a J^rial-and-error gue^^ihg 
game rather than in an intellectual experience ."^ y 

In r)rder to initiate and s us tain ^ff^^ ti ve /di scussionff 'among the 
chilidren, it is necessary to ask producjti ve'^qi^estions . Such 
questions s t imul a 1%: .the intellectual .processes of children and 
assist them in us-ing -their pbsei^va tion s to arrive at the^ con- 
ceptual goals. in the TEACHING SEQUENCE, questions are sug- 
gested that may help you direct di s cus sion s /toward . the se ends. 
^The children should be given adequate time t^o handle the ques- 
tions. There is often 'as much silent time in an e/fective dis-*" 
cussion as there is' talking tii^e. . ' . 

* REVIEW AND REUSE /OF SKILLS AND CONCEPTS 



It cannot be assumed that a concept or 4 :Skill is learned the <^ 
•fi»-st time it is introduced. For instanceV^h^ cpncept of 
magnetic force as the push or pull of one mag.net on another is 
one that J.s learned by repeated observation, of--the behavior of 
magnets, m a number of different sPbaations'. Skill ^.^n using a 
thermometer comes after repeated experiences in ^ us in g ' thermom- 
eters to measure, the temperatur^ of a- variety of substances. 
Concepts such as properties, "and ^kills such as classifying," 
are introduced in the kindergarten te aching^ "ma te rial s and re- 
introduced in practically every subsequent gr^de i^vel. Through- 
out* the COP;es program there is constant review and reuse A im- 
portant skills and concepts. ^ V , . 
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The Grade 4 Assessments 



The primary theme of the''COPES curriculum^ is that experience 
with the ideas underlying common phenomena can lead the child to 
conceptualize the fundamental and pervasive schemes of modern 
science. Accordingly, the pr imar y ' ob j e c ti ve of the Grade 4 As- 
sessment materials is to' ascertain whether the child J;ias mas- 
tered the concept^ underlying' his epcperiences' with the COPES 
Activities^ It is impor t ant ^tha t "^t hi s goal of the 'Assessments 
be kept in mind, in contrast to s.uch alternatives as finding out 
how well the child remembers sp^ecific details of what -was done, 
or the degree to which he has acquired ^a useful skill. The em- 
phasis .on 'mastery of concepts is intentional: it is not^th^t 
the alternatives are unimportant, but rather that the concept 
goals are more germane/to COPES.- However, to a greater extent 
than in the Assessments for Grades K-3, the specific techniques 
and context of Activities developed at this level are reflected 
in the Assessments fpr Grade '4 and Grade 5.' Written questions 
and 'multiple-choice answers are used as in» Gr^de 4. Teachers 
are asked to read all written material' aloud while chi Idren .iT^ad 
it silently. . . ^ , ' > 

We have not made'an i'ssue of the' di s tine tion. between concepts 
and skills'; rather, 'we have' tried to apply skills in the enh^nce- 
'ment of concept learning, and to introduce concepts a^ th^e foci 
of skills. For example, the child learns the skill of grouping, 
or clasps ification, concomitantly with the concept of a group as 
a set of objects* having a common property. Also-, the concept of 
a property >can be abstracted from observat,ion§ of objects in 
groups, whil-e at'the same time the skill of making abstractions 
begins' to be learned. Thus an attempt to make a clear distinc- 
tion between "grouping" as a skill, and "a group" as a concept-- 
or between "property" as a^concept and "seeing properties" as 
simple kind of abstractinjg skill-7se-ems more likely to confuse' 
the. child than to, help him at 'this stage of h^s cognitive develop- 
ment. The trained scientist abstracts as he. recognizes proper- 
ties in complex phenomena, and classifies those phenomena into 
larger groups in j^erpis of perceived properties, without intro- 
specting alfcout whethefr, at any particular moment, he or she is 
practicing a 'skill ©reapplying a concept. 

t ■ - " 

■^hroughout the Activities, emphasis is placed on 6oncepts and 
relationships rather than on the specific phenomena, or "facts," 
and ^so it isin the Ass'es sments . However, what seems a simple 
rela ti<!)na|r^ idea for an older chilS may be quite difficult in- 
tegrative task for the younger child. To assimilate, a new ex- 
plantory idea into the body of previous ideas r th^e child may 
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need •'a great .deal of •help in^^hat the psychologist, Jean Piaget, 
calls accomoda tion-- the transformation o/ previous experience to 
facilittate the assimilation of new experience. There*will also 
.b'e invidivudal differences in the ease with which ,chij.dren assimi^- 
late ivew ideas, and these differences may appear iji di f fere nt /con- 
texts--the same child may^ readily rfeach mastery of one concept, 
but have^ to struggl^e with another. F^or these reasons, Assess- 
^ments have been ^prepared at two levels; '^creenlh^ Assessments , 
designed -for group admini s tra tion *to ascertain whilch . chyHdre n have 
attained mastery of the concepts; and Individual Assessments, de- 
signed for administration to a single chil^'or smal\ group. The 
Group Assessments are included at the end of each Mi ni s eque'^n ce . 
while the Individual Assessments are inqlxided in the '^coring Guidp 
section at the end of the book. ^ The Individual Assess*inen ts have 
been^^ cons tructed .to help the teacher focus ins tr.uctioTi\on those 
areas in which -children need 'addi tional help. 



The form of the Indivifdual Assessment . is a series of leading 
questipns which , take a specific problem' from the Screening^. As- 
sessments and break the problem doWn into a series of simpi^e 
questions. There is an intentional similarity in the small^step 
approach to concept evaluation and the mor4 successful aspec'ts 
of programmed instruction. Some children need greater help in 
building up their confidence in their knowledge of the concepts,s 
and the smallrstep, guided inquiry strategy is intended for,t-*reir' 
benefit. (it is not inappropriate for any begihner; but some 
might find it tedious.) Usirfg this method, the teacher' should 
improvise and ^sk the skpe type of jquestions as in the example, ' 
The example questions are meant -as a guide, ^ The teacher should 
feel free to add, subtract, or adapt the qu4stions in any wa-y he 
or- she feels will help the child. 

in these Assessments, it* might appear that the usual distinctions 
between achievement and aptitude are blurred. in a sense ^^is 
'is true, because at this stage of development the' child's ability 
to learn new thi^ngs is based to a significant -^gree on what he 
ot she has previously learned. A few children may be able to ' 
perform well on these^ Assessments .because their previous experi-* 
ence , ^ interacting with their genetic endowment, permit-s . them to 
"figure it out." However, for the majority, the experience of 
the CORES Activities should increase the likelikhood "that they 
will do well on the Assessments provided for each Mijii.s equ'en c e . 

' • ' ' ADMINISTERING AND SCORING THE ASSESSMENTS ^ 



Instructions f or ♦ ^dmin is t e r i n g the Assessments are included with 
'the Assessment pages at the end of each Minisequence • "Of course, 
you will need to make copies of the Assessment pages beforehand. 
These copies can be made by tearing out the appropriate duj)li- 
cate Asses^nfent ^age(s) from the^section at the b-ack of this ^ 
volume. Like the Worksheets, Assessment pages appear twice-- 

dnce in context fox your reference and once at the back of the 
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The Scoring Guitfe fori^the ^As^e^ssments is -also included in this 
volume. The preferred response f-or each task is 'given, togethe^L* 
with a comitventary , Inc6rrect alternatives on the multiple-choice 
questions are dis'cussed when tbe reasons fo^r their being incor- 
rect are clbse]^ related to necessary lim»its on the concepts, 
e.g., when the ^incorrect- choice , re flee ts* common misconceptions. 



QUANTIFYING THE . RESPQN'S^S \ 

' ' ' ^ " # ' ' . . * ' u 

Discussions* of mastery^ in learning .seem inevitably to lead to 
- the question^^f /'percent parsing," 'as a quantification of what 
mastery i^^ presumed to* be^. The teacher is the major judge 
.foV mastery 'of school con tent ; the assessment materials help' 
' him or her to make that j'udgement. Using these materials, the 
group av,e.rag§ on the Sc reeni ng ' As s es s men t s should be 70% of' 
the tasks successfully completed, as a minimum. For example, if 
there are ten tasks, a group of 20 childijen should have at 
least a total of 140 correctly done. We have no information 
as yet on the re lati ve- di f f ijculty 'of the tasks, but they ^have 
been devised and arranged, in a sequence that makes this percen-- 
tage passing reasonable, given appropriate i^ns true tional use of 
the Activity material. ' I*' 

For an i odi vidua 1- ^pupi 1 , the level of mastery should be higher-, 
say '80% of the tasks reasonably completed, considering 
t.hat in some of the tasks the child may have guessed the pre- 
ferred response. ^ A child doing less well shoij^ld have the ben-',,, 
efit of a discussion of' his or her re pon-^s with the teacher, 
and probably ^ the. Individual Assessment for the Mi nisequence • 
(He^ or she should be pr^oVided with an Individual Assessment and 
a guide--the teacheyr or perhaps a paraprof ess iona 1 , ^ a parent 
^.or an older child.) Remember that the purpose of the* Assess- 
ment "is to as-sure both teacher and child that mastery of a con-, 
cepthas-beenachieved. 



- ^. tJSINg THE RESULTS ^ 

It is our intent that the Assesfsments not be used to differen- 
tiate one child from another, e,^., as a basis for "grading." 
Tv/o major uses 6f the Assessment ^responses are intended; First,, 
the teacher^ may use quantification o'f the rersponses as evidence | 
for a decision regarding the mastery of concepts by .the group / 
as- a whole. The teacher, not the numbers we, suggest above, mus|: 
be'the. major decision-maker in this context. Should ^y6u de6i'^, 
that the group has not mastered the concepts presented in a Mini- 
sequence , ^ re-examine your use of the teaching materials and the" 
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readiness of the'group to unfdertake the experiences.* Second, 
the Assessments should be u4e(^^ as components in the essential 
feedba*ck you provide the child as he or she strives for^m^kstepy 
of the concapts. Review of the child's perf<>rmance on the 
Screening. Assessments , and on the Individual Assessment if used, 
are very important i'n the child's development of his" concept of 
himse if a I a l^a^rner • ♦ ' » ' * ^' 



It is the responsibility of the •teacher to assess ^the ^hildren*s 
pr ogr e s s , -^*nd to distinguish between his'or'^Her evalyation of a- 
child's readiness for new. learning and hny evaluation of that ^ 
child, as an individual person. Comparisons ,of ' one child with 
another in'terms of personal worth may well be t>ifaumatic, and 
frequently inhibi^ the chorld's pa'r.t i cipa t i on in future learning * 
* s i tu*£rt ions • However, a realistic appraisal of the child's mas- 
tery of significant cdgnitive aspects ot his .or her environment 
shouTd facilitate and'motiv^C^ continuing intellectual develop- 
ment. , 

For some yd^rS it has been advocated that tea'chers eDjphasize 
thei'r support pf children in their attempts to learn, ' Typitally,, 
support has been most evidence^d J^y ve rbal i za t i ons ' o f , positive 

- tone-'-" fine f " "good," " OK " - -a 1 though *o c ca s iona 1< nonverbal posi- 
tive reinforcement has been encouraged. The findings from som.^ » 
current research, looking at the distinction bet*^een the' emo-^ 
tional and cognitive domains of behavior, imply that children 
trying, with mixed success, to acquire 'a .desijred cognitiv-e be- 
havior find a consistently positive tone\frdm the teacHer very 

^confHising, -Thfe confusion arises becaus-e the teache'r's behavior- 
is incons i s tei) t wi th ^ the_ change s (or lack of them) which the * 

/child can observe in his own cognitive behavior. For example,^ 
if* he or she ^continues to rea,ch an i neons i s t||[n t response, (wrong 
answer) on several tries, but the teacher's only response is one\ 
of positive acceptance, the child is likely to wonder whether 
the teacher id att*ending to the di f f iculty . While most instances 
of the well-known "turn-off" arise frofn a combination of lack pf 
success and negative attitude from the {teacher, many chilc^ren 
will turn away from a cognitive task^ when, having failed* by 
their. owh evaluation, they decide* that thfe^teacher's, response is 
irrelevant b^e<?£iuse it doesn't relate consistently to* their cog- 
nitiveproblem, _ - *^ 

The teacheii^ s • evaluation of a child's* response -should be con- 
sistent' with the situation, ^s the child perceives it, on'two 
levels: (1) ofewarding for effort, as that ymo t i va te s ano the r ^ 
try; (2) rewarding for realistic success at the task, but non- 
rewarding «.f or lack' of iti. That kin$i of guidance provides «auch 
more r^5?evant information, and thus engenders greater effort 
on the part of th^e chirld to focus on the cognitive aspects o*f ' 
the task, ^ 
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PROVIDING FEEDBACK 



jWe'hope you will find the Assessments ' useful in helping the 
child to mobilize and focus his or her thinking skills on the" 
COPES experiences. 'In order to determine their' use fulries s , we 
ask your assistance in providin^^^eedback to us regarding the 
Assessments. ^ Informatio^n on. confuting instructions and th^ like 
are received with some regr.et, of course, but theLy,^ ai^neverthe- 
less welcome. Information on relative difficulty of/jR 
be extremely valuable. Don*t hesitate to request addS^^nal 
Assessment materials from us, cfnd to suggest rtew formatfe that 
such Assessments might take. We shall be most interest;ed in 
communicating with you. 
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Minisequence I 
Cellsr Units of Structure and Function 



It was a little more than 300 years ago that Robert Hobke used a 
magnifying lens to olDserve thin sections of charcoal, cork, Isnd 
other plan t 'tissues . He ^observed 'that they w^re all 'made up dsf 
small cavities separated by walls. These cavities became k-ndwn^^ 
as cells. In 1665 Hooke' wrote about cellular organization in 
plants. Shortly thereafter, Anton van Leeuwenhoek, using a 
microscope that. he had made, discovered single - cBl 1 ed> organi sms 
in pond water. Neither of these great (discoveries could have 
be en made. until lenses were perfected that brought into view a 
heretofore unseen world. But- neither Hooke , nor Leeuwenhoek, 
nor the many others who for the next 170 years observed and 
wrote about cells in different plants and animal-s, understood 
the great significance of their discoveries. It was not'until 
1838 that two scientists, Schleiden an<J Schwann, put the evidence 
together and came to' the conclusion that all living things are 
composed of cells.' This idea is known as the cell theory. The 
cell is 'Considered to be not only, the unit of structure in living 
things, but the unit of ^function as well. Among modern biolog- 
ists th^ cell is considered to be the mi-nimum organization of^ 
matte'r^that is capable 6f carrying on all of those processes we 
have become accustomed to oalli'ng "life.." ^ 

lii this Minisequence, children will have experiences somejjhat 
comp.arable to the experiences of^those mean whose discoveries 
led to the conclusion that cell'fe are the units 'o^ structure and 
function in living thi^nqs. The outcomes of these experiences - 
will be an intro^duc tion to the more sophistica'ted implications 
of the c^ll theory; they repres'ent a beginning in the direction 
of one of -the truly big ideas in biofogy. 

Because of its imp*orta.nce in this Minisequence^ a special sec- 
tion , under Materi.als and Equipmen^t (pages 362 to 3*64) is. devoted 
to a discussion of 1;,he microscope.* Six questions are dealt with 
in a manner that should help the teacher to use the microscope 
with greater confidence .' Jhe ifiaterial also provides the neces- 
sary backgromid for aiding the childre.n -in their initial efforts 
to use' thg^'^tni'c roscope . - ^ * j,- ^ 

; . . ^, \ 

In^the/tirst A^ctivity children are encouraged to mak^ a transi-' 
tion ^mrom magnifying glasses,^ which they have been using for* 
some time, to microscopes. This, is done at both the conceptual 
and swill level; After some skill in using the microscope , has- 
been djpveloped, it is' applied in observing- that the leaves t>f 
'the wdter plant, Elode^, ^re made up of small parts, called 
Q^'lls.^ Furthermore, the .children observe that the leaf cells 
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contain still smaller parts--gre^n bodies called chloroplasts 
that contain the coloring material found in all .green plants, 
chlorophyll, Subsequently, they will learn that chloroplasts " 
. make it possible for leaf cells to function as food makers* 

The second Activity picks up a question raised at the conclusion 
. of the first Abtivity: Are other parts of plants also made up 
of cells?' The techniques learned in the first .Activity are then 
applied to a microscopic examination of thQ leaf, stem/ flower, 
and root of a Begonia plant* All ^ts parts are found to be made 
of cells and/ in addition, the flower petals are foun<S to contain 
still smaller, colored ^bodies • Other investiga tion;5 are made of 
the thin lining het^en the layers pf an onion, t>}fe outer cover- 
in.^ and inte;:^ar o^'d car^t root, the* coat of a bean seed, and 
different partts of ^he fruit of a tomato plant, to broaden the 
children'^' ability to generalize, 'in dealing with a question re- 
garding the cellular composition of animals, scrapings from the 
tissue that lines the cheeks of children are examined. These, 
too, are found to be composed of cells. From these investiga- 
tions the children obtain some ei/ide^nce that plants and animjils 
are composed of cells, 

Inr the last Activity the children discover that the pulp cells 
of an unripe banana contain sta'rch grains. Later, when the 
banana has ripened, noticably fewer starch grains are found in- 
the pulp cells, i- After comparing the taste of ripened and unriped 
banana, an .hypothesis is pr opos ed-- tha t the starch has been 
changed to sugar. This firsthand observati^qn introduces the 
idea that things .are -i^ppe'^ning in 'the cells. Cells are somer- ' 
thing'more fhan just static structural units; they carry pn ceijh- ^ 
tain function's, such as changing search to sugar. Thus, there '\ 
are two major concepts in this sequence: * i 

1, Living things are made up of structural units, called 
eel Is , ' ' ^ 

f ' * ' " 

2»» Some cells contain evea:! smaller parts that ove^ a per- 

^iod of time may change, • 
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MINISEQUENCE 1/Activity 1 

X 



Activity 1 Introduction to the Microscope 



In this Activ.ity, the children's previous experiences with magni- 
fying glasses are reviewed and then used as an introduction to 
the microscope. Th^ essential components of the microscope are 
demonstrated;^ alon<5 with the materials needed in using it, and 
the children are given practice in 'some. of the elementary tech- 
niques of microscope investigation. By applying these techni^Lues 
t^hey discover that the Elodea leaf is ir^ade up of smaller units, 
called cells, and that the cells thems^ves contain smaller green 
bodies. * ♦ ' " ^ 



MATERIALS AND EQUIPMENT: , ' * 

For each child you will need:" 

1 ,magnifying glass (e.g-. , A.S. & E. hand magnifiers No. 
.2 400 X ^2 6) 

1 cutout picture from a newspaper • 

^ ' 1 microscope {40X), if available; otherwise; one for each 

gro-up of two or three children. (Bausch and Lomb 40X 
^ Elementary Science microscopes are recommended if you are 

* purchasing them. HoweT^jer, any available microscopes can 
be used. ) ^ , 
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1 gl*ass microscope glide . . , 

» 

*1 plastic covers^lip ; * , 

1 medicine dVopper 

1 plastic cup, of any convertient size, to be- used as a wa- 
ter container for 'preparing wet mounts 

o 

In addition' you wijl need: * ^ . ^ 

5 camel's ha^r paint brushes' 
3 Elodea plants 

10 plastic or gla^ss dishes in which slides and cpverslips 
can be washed and rinsed o 

1 oz of liquid detergent 

. ^ • , • 21 
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MINISEQUENCE I/Activity 1 



paper towels/ 2 or ? lor each child ^ 



1 box ^of facial tissues 
1 oz of granulated s-ugar ' " ' 

♦ 1 page of classified, adveriiisemenis from a^newsp^peT 

. " PREPARATION FOR TEACHING: * - . . - 

-^iodea plants' can be purchased from, a -]t>et shop that sells- live ^ * 
fish and aquarium supplies. The plants -m'ust be kept immersed in 
i water. , . . • ' 

• ■ • r ' ^ 

^ The plast^ic dishes should be filled, about two-thirds .full of wa- • ^ 
ter. One pair of '^dishes 'should be arranged in 'each .of five s-ta^ 
tions in the room. One, half of a medicine dropperful of deter^ 
Y gent slio.uld be put* into one of .the two dishes. of water.' This 

water win be used in washing .slides and coverslips. The water 
in the second dish will be used in rinsing the.m> A supply of 

"p'aper towels ' should be kept a-t each station for use in drying 
the* slides and coveiislips, ' * 

• ^.From a news|)aper, cut out >as many sections^ of classified ads as 

* .there are children. Eadh c\itout should be about ^1 in, by 3 in. 
and may have more than" one ad on it. The print in trhe ads should- 
be somewhat smaller than that in which the ney/s' is printe'd. ♦ • > 

It is intperative that you try out each' of the microscope exper- 

* iences suggested in this Actiyity #ahead of titne jin order ' to iden- 
tify the kinds of problems «the children ma^y encounter^. If you - 
are not well acquainted with the microscope tha.t your children * 
will be using, practice using it w,lth the'Se materials until you 
feel reasonably competent. Begin by reading the section on the 
microscope (p)ages 362 - 364) . • . " ^ 

Check to be^ sure that there are adequate light sources for all 
' micii^scope users^ The overhead artificial lighting fn your rqom 
may be adequate. If it is not, you may find that you can use out- 
side natural light by arranging the microscopes near windows. , 
, Jf neither of these is adequate, then you may use .flashlights or 
desk lamps. 

* • 

[In'Activity 2, the children will observe th.e cells in a 'lettuce 
seed coat. In order to obtain the ^eed coat, the seeds should be ' 
germinated ahead of time--the germination process causes the 
seed coat to separate from the seed so that ^it can be r'emoved. 
To germinate the seeds , do the following : *3 or 4 days ahead of : 
the time when the children 'A^ill pe. doing Activity 'i, place about; 
twice as many seeds as will be needed on a few payers of moist " 
paper toweling on a saucer pr shallow pan. Enclose the saucer 
in a clear pjastic bag and place it in a w^ll-lighted location. 

O 22 
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/ MINISEQUENCE I/Activity 1 



(I't should not be pTaced^ln direct sunlight, however.)] 



ALLOCATION OF' TIME.: 



the children will nee^ approximately 3 hours to complete this 
Activity.' > * - . 



TEACHIN<; SEQUENCE 



1. Distribute the newspaper 
cutout pictures so' th^l; the 
children cdn view them. "Ask 
ea9h group to identify the var- 
ious parts of f heir, pictures . 
Then ask them to concentrate' 



on on^e part, 
and identify 



such as a 
its parts, 



'Person , 



Ask if, in the. picture^ these 
fJarts are made up of -still'* 
smaller paiits.*^^ , 



Dis'tribute the magnifying ' ' 
glasses to the ^children and ask 
hem to use the magnifiers to 
xamine the prin£ed picture. 

What i.s the picture .made *up 



f ? 



^emphasize the fact that a mag- 
nifying glass ^as needed in or- 
der ' to see that each part of ' 
the {)icture was made up of 
dots . ' ' 



2. Arrange the class into what- 
ever number of groups will be 
necessary in order for each 
gropp to have a microscope* 
Give a TU/icroscope to each group 



COMMENTARY 



The parts might include people, 
andmals, cars, buildings, and 
the like; the parts of a person\ 
would be the head, arms, legs, 
feet, body, etc. ^ 



(Continue this kind of ques1:ion- 
ing to direct attention to the 
smaller and sm^aller parts o£ 
the picture . ' * 



If children have had the expe^r- 
iences' included in Activity 1, 
Minisequence 1,^ in Grade 3, they 
will recall that a black and 
white newspaper picture 'is com-- 
posed of small black dots* 



If, the recommended A.S. & E. 
magnifiers are used/ have them 
examine the^picture through each 
of the thi;ee lenses. * They should 
note that the smallest lens mag- 
nifies most'and that as magni- 
fication increases, the dots 
not only appear^ large'r but there 
is morTe space be tween Jthem . 
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MINISEQUENCE I/Activitv^^ 1 



TEACHIfiG SEQUENCE 



and appoint someone in the 
group to assume general res- 
ponsibility for' it. 

Use the diagram of the* 
microscope ^on page 363 of the 
Materials and Equipment section 
as your rerference in directing 
children's attention to the 
different parts of their micro- 
scope . 



As these parts^fre identified 
and their functions d-emonstrat- 
d, you may .wish to write their 
names on the chalkboard: 



arm--attaches to the 
supports the tube 



base-- the 
• the table 



par t 



which 
o 



base and 
rests on 




stage--the flat part upon 
which objects are placed when 
*they ^re to be observed 

tube --con tains the 
The lens at the bO^l 
called the objecti 
lens at t^e top is 
piece. 

tube ad j us tor-- the 
one turnskin order 
or lower the abjective and 
bring the object into focus. 

mirror--ref lects light from 
its source intp the lenses in 
the tube- 



pa;rt thai 
to raise 



mirror adjusting knob--used 
in adjusting the mirror to - 



r e f .1 e c t 



1 igh t ,* 



e best 



J 



intensity 



After the function of the mir- 
ror and its adjusting knob is 
discussed, have each child* use 



COMMENTARY 



] 



Emphasize the fact'^that 'the 
microscope is one complete in- 
strument. - However it is made 
up of parts f eac'h of which has, 
a, special purpose br function. 



The tube, containing the lenses 
and the ' tube adjuster n\ake up 
the magnifier system. *^ 



In^ the Bausch & Lomb' 
the'Miube adjuster 'is 
the top of the. tube'. 



mi cros cope 
part of 



The mirror and t-he knobs used 
in adjusting it are th^ princi- 
pal parts of .the illumi^nator 
sys'|:em. , 
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MINISEQUENCE I/Activity 1 



TEACHING SEQUENCE 



hepi to form a li*qht circle 
pnat can be. seen as he or ''she 
looks through the microscope. 
(Before looking through the . 
microscope, have the child 
lower the obj e c t i ve, untl 1 it 

iowest position over 
Th§i^ check to make 
at each h'as adjusted 
proper ly . As thi s 
e , ta Ik to the ' 



1 s a t i 
the bas 
-c^ r t a rni 
the mirr'b 
.s being d 




cnildren about light being 
necessary before anything can i 
be seen thrpugh the microscop^ 
Also impress .upon them the 
functioAf^of the mirror iir- re-' 
fleeting the light from its 
source into the microscope. ^ A 
diagram on the chalkboard would 
help to Show that light coming 
to the mi-rror is reflected in- 
to the lans. ^ - ' 




light 



Now have them, turn the adjust- 
or again to lower^ the objective 
as far asit will ^o or until 
it is just above the stage, 'but 
not touching it. 



COMMENTARY- 



When children look through the 
Eyepiece of their microscope , 
encourage fchem to keep bo^'h 
ey'es op.env\but don't insist on 
it for thode who find it dif~ ^ 
fi^cult.' Tllere is less strain 
on eye muscles, if both eyes 
can be kept open. 



mi r r or ie p rope r ly a d~ 
they should see a rather 
circle, called the field, 

y look through^ the* eye- 
the ' microscof)e . if 
Idren do not see a rel- ^ 

bright field th^y should, 
the angle at which the 
is tipped— a<;iti 1 the field 
ns . 



I f the 
justed 
brig^ 
when th 
piece o^ 
the ch 
a tive'-ly 
a d.j u s t 
mirror 
b r ighte 



A dirty mirror o^ d^rty lenses 
may prevent a bright field from 
being obtained. if ,dust has 
c^ll^cted on the flenses, they 
may fc^^cleaned by using a camel' 
hair birush. in order to remove 
other, kinds of dirt, the chii- 
dren may have to wipe gently 
with a wet. tissue , and then with 
a, dry tissue . ' . ' 



When 'the objective in^he B. & 
L. m^-croscope is Idwered , it 
will not touch the stage. J'ts 
lowest position wii-1 be about 
1/4 inch"above it. In s^ome 
microscopes it Is possible to 
lower the objective into the 
object undeJ observation. When 
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MINISEQUENCE l/Activitv 1 • 



TEACHING SEQUENCE 



ERIC 



Next,, ask them to *put the news- 
paper 'Picture previously ob- 
served with' the magnifying 

•glasses- onto the ^tage and ob- 
serve *it through th.e micro- 

' scope. >^ 

As 1:hey look through the micro- 
scope, hav^ J;hem turn the tube 
adjustor very slowly to raise^ 
the objective. They should 
continue turning the adjustor 
pntil the dots making up the 
picture come clearly into view. 



•How -does the ^ize of the dots 
compare witfi the size of 
those' observed with the mag- 
nifying glasses? 



When the children' are able to 
use the microscope to observe 
their newspaper pictures, give 
them each a cutout from the 
classified advertising se c:^/£on 
of a newspaper. 

Ask them to draw a cijfcle 
around one of the small "e*s" 
found in 'one of the words'and 
observe it with their magni- 
^fyingglasses. 



Next ask them -*.tcw observe 
"e" with the tnic^oscope. 



the 



COMMENTAR 
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this happens/ the.- leas in the 
ob-jectjLve may be dama^ed^. For 
this reason, caution should be 
exercised in lowering th^ 6b-'- 
'jective in such mi c r os cope a.. ^ ^ 



4 



When they look through the 
microscope, the field, will be , 
much dimmer than before. Row- 
ever, they should still be. able 
€o s ee i t . 



As this is done with the B. & 
L. microscope, one hand should 
be' used to hold the base firmly 
on the table while fingers of 
the other hand rotate the tube 
counterclockwise. Since this 
may be theirfirst experience 
ir^ focusing a microscope/" take 
the time necessary for 'every 
child to focus on the dots with 
one of the microscopes. 

The dots apffear considerably 
larger, and the d^istancfe between 
them is greater. They will al- 
so, be abl^ to see t'he fibers 
that make up the newsprint with 
the microscope. These were .ii^bt 
^visible with the hand. magni*^*ers 



When' they put the cutolit on the 
micros cope stage, they should 
place the circle^4 "e" in the^ ^'^ 
.center of the rou'nd 4iole in the', 
stage. The' hole vill appear' as' 
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MINISEQUENCE 7/Activity 1 



TEACHING -SEQUENCE 



•How is the "e" under the 
micros^cope different' from 
the "e" you observed witb 
the magnifying glass? 



After they have' discovered that 
thel "e". is upside do^^m , tell 
them that the microsc/)pe has 
more than one- lens ^i'n the tube 
For this reason it is cal'ied a 
compound microscope. ^ All ob- 
jects appear upside down when 
observed through a compound 
microscope. Ask them to ob-. 
serve the e " a*s they move the 
paper s lightly , back and forth. 



Next^ show the children a 



micro scope 
strate <how 
you do not 
on i t • 



slide and demon - 
to hold it so* that 
g#t finger prints 



Explain that when objects are 
to l^e observed with a micro-, 
scope t^hey usually are put on 
a 9lass slide which is then 
placed on the stage. To be 
most useful, the slide should 
be clean-^-there should b^ no 
dust or finge* prints on it. 



COMMENTARY 

a liy^hted circle' on the paper. 
Proper placement will result in 
the "e" being directly beneath 
•the object so that oAly the 
tube ^djustor has to be ^regu- 
lated to see the '*e." 

It will appear larger, as' they 
probably expected. However, 
they should" also observe that 
the "e" is upside down . * . 



They should jiow discover that 
in viewing through the compoun'd 
lense>s. the "e'* ' app.eSrs to move ' 
in the ppposi te direction from 
that in which the paper, is being 
moved. Everything under a com- 
pound jnicroscope appears back-' . 
ward. . ' ' 

The slide^hould be^ held, by its 
edges between- tKe index finga&x^ 
and the thumb . When the % lid^ 
-Nis'putjOn th^ desk, a part 
one end should extend over the. 
edge so that, i^t ci^Ti oasil^ be^ 
picked up .* 
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mInISEQUENC]^ I/Activity 1 * 



TEACHING SEQUENCE 



Give ieach«child a microscope 
slj^e and ask them to practice 
*pickirig it up, holding it, and 
placing it back on the^table. • 
Then demqnstra'te how slide? -are 
to be washed in the detergent 
water/ rinsed in the clear wa- 
ter, and dried with a paper 
.towe 1 . 



After each child has a clean, 
dry slide, 'he or she should put 
a few crystals of sugar on ,;L^t ^--^ 
and examine th^ crystals with 
the magni fying" glass . 



N^Vgt t^^y should* examine the 
crystaj.s with t.heir micros'copes 
Discuss 'the differences in ap*^ 
pearance of the cry&t^ls when 
observed with the mifor-osc4^pe^ 
and when observed with the 
magnifying glass. 



Now have fhem cleaa their 
slides by following the pro-- 
cedure outlined above. 

4, By now the children should 
be ready to use the microscope 

28 ' ' 
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As this is being done, ask them 
to hold the slide up to the light 
and examine it for dust or fin- 
ger prints. 

To wash a slide, one end and then 
the other 3?h'ould be swished f^back 
and forth in the detergent water; 
to rinse it, the same swishing 
process ^should be followed in tlte 
clear wate^. After th'is/ one end 
and then the other should be 
dried with a paper towe 1 . The* 
slide should then be examined for 
finger pripts by holding it up 
to the light. ^ If i.t is not clean'', 
repeat the process. * In order to 
get finger prints off a slide, 
it may be necessary to <irub it 
when it is irt the detergent wa- 
ter. 9o J^ot rub^ when^ it is in 
the rin'se water. 



You might tell thefn that when 
an object is put on a slide it 
is called a mount. When no 
water is put on it, it is called\ 
a dry mount. The^ crysta,ls are * 
^dry mounts. 

Under the microscope the crystals 
of sugar appear to be much lar- 
ger. One can al^o observe a 
.distinguishable crystal shape. 
It is possible to adjust, the mir- ^ 
ror so that no light will be re-- 
fleeted from the crystal faces. 
However, the crystals ma,y still 
be visible because of light comb- 
ing from above them. Encourage 
children' to experiment with this . 
phenomencxn . When ligJ^t fro© the 
mirr-or comes through the crystals 
from below, they appear Irelative- 
ly dark, against a light back^ 
ground, when light comes from 
abov^, thP^^rystals a,ppea,r bright^ 
er against a darker back^ground . 

Most of the "ohildren should ' 
re<:ognize it as ^ green plant. " 
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TEACHING SEQUENCE 



to view living things* Hold 
up one of the Elodea plants and 
ask them what it is and where 
they might have seen such an 
object before. 

Ask each child to remove a leaf 
from. the Elodea plant, put it 
oji his or her microscope slide, 
gently hold^ it against the 
slide- with the point of a pen*' 
oil, and examine it with the* 
magnifying glasses. 

What are some properties of 
the ^iodea lea'f-? 



Tell the childre'n that because 
leaves of Elodea plants are so 
t^in, they can be observed 
nicely with a microscolpe. T^sk 
them to look at the Elodea 
leaf wi th the microscope . 

» 

• What ^o you see? 



Tell them that these little 
parts of the leaf are called 
cells* 



COMMENTARY 



Some may recall having s^en 
plants like it In a fish tank, 



After the children have removed 
leaves from €he pLant, put it 
back into the water* it sh*ould 
not be all owed to dry out. 



They should recognize such prop- 
erties as greenness and thin- 
ness. If they have difficulty 
in recognizing that the" leaf is 
quite thin, have them hold 
their slide up to the ligh-t. 
The leaf appears to be a much 
lighter green, indicating that 
some liglit comes through it. 
If ^they place J^e slide on 
ruled tablet paper and then ob- 
ser\tp the leaf with the magni- 
fier, they will be able to see 
the lines on the ruled paper 
through the leaf. 

Most of the objects to be ex^ 
amined ir\ this Minisequence 
must be thin enough for ligjit 
to pass through them. 01:her-- ♦ 
wise it will not be possible to 
see the a'ellular parts of which 
they are composed. 

Allow time/for all the children 
to get the leaf in focus. They 
should"^see what look liTce vezry 
tiny xboxes ♦ 
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MII^ISEQUENCE• I/Activity 1 



TEACHING SEQUENCE 



COMMENTARY 



ERLC 




• what happens to the leaf 
V cells as they are left ex- 
posed on they^s^lide? 



After a .while ask them to 
remove the Elodea leaf and 
clean the slide. As children 
.are cleaning their slides, ar- 
range a plastic cup, 2/3 full 
of water, at every othe-r s,eat- 
ing po'Sition in the rqom. Dis~ 
tribute a medicine dropper to 
every seating position. When - 
the slide is*clean, have each ^ 
of them place another Elodea 
leaf on it. However, this\ 
time ask them to put three or * 
four drops of water-^ on tlhe 
leaf. . " ^ 



Next, show them :©overs lip .* 
Tell them that the fh'in cover- 
slip is placed on top of the 

30 



As they cont^.nue this obsar- 

vation of the exposed leaf, it 

will dry oujt and the cells will 

no longer appear as distinct as 

they^did when the leaf was 

mo i Set. 
r ^ 



As drops of water are put oh 
the leaf, tell them that the 
water will keep the leaf fresh 
.a^d mak,e its cells more clearly 
visible. The leaf is now 
called a wet mount . 

Hold the coverslip in the same 
manner as you did. the slide. 
Covers lips should be examined 



3j 



0 



MINISEQUENCE -I/Activity 1 



' TEACHING SEQUENCE 



wet^ount for tw,o reasons: It 
k^eps^the viewing surface * 
level,. thus making it ea^sier to 
fpcu^ otn the leaf ce4ls, ah^ it 
reduces the\gss of water by 
evaporation . 

Demonstrate how the coverslip 
is placed on the slide. 



After satisfactory wet mounts 
have been made af El(>d^ ^ 
leaves, have the^ chi,rd^en ex- 
amine the gells carefully. 
Ask 'questi^ons such as these to, 
direct their c^servatipn: 

• Are all Elodea leaf cells 
the same? . - 



• Is there only one layer 'of 
cells in an Elodea leaf? ^ 



• What can you see inside the 



COMMENTARY 



to- determine if they ate dirty. 
If they are dirty they ^J^should > 
be washed and dried in the same 
way that the slides were. 

This should be done by holding 
o^e edge of the coverslip on 
the slide and the oppos i te edge 
about 1/2 inch above the slide. 
The cov^erslip is then mov^d,^^^ 
toward the leaf until its '€o*^l:h- 
ing edg'e itiakes contact with the 
water-. The slip is then re- 
leased to cover the 
there is not enough 
the mount'; more can 
by using a medicine 
"drop of water on the 



If 



moun t , 
water on 
be supplied 
dropper. A 
tip of the, 
dropper should be placed at the 
edge of the dry part of the 
ifftunt,** The water will masje in 
under^he coverslip% If there 
is too V^ch water on the mount/ 
the coverslip will float. When 
this happens / 'the edge^ of a 
facial tissue^ can be .gehtj.y 
placed in or near the excess 
water to absorb it. It takes 
consd.derabl'e practice to pre- 
pare vgood wet' mounts- > . 



Most 6f them 
rectangles 
Some chil 
to show t 




like 
boxes . ' 
sketches 



There are several layerS/ as 
demonstrated by the fact^ that 
one can seat cells come in and 
out of focus ^s one turns the* 
micros cope adjuster evet so 
slightly. ^ . ^ 

If they have djeveloped some rea- 

v.3.1 
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TEACHING SEQUENCE 



cells? 



Are other parts of plants^ 
^ (fruits, Seeds, stems, 
roots)' made up of cells? 



COMMENTARY 



sonable skill in f OQ^u^s-iag.;, the 
microscope, they can se^e little 



dots inside the eel Is . 
are ca lied ch lorop las ts 



green 

^The s e ^ 

apd contain chlorophy ll7 the 
green coloring material in 
plants. In other words, the 
El ode a leaf, which is itself 
a part of the Elodea plant, is 
also composed of parts — the' 
cells, in turn, apparent;ly. con- 
tain even smaller parts! 



Entourage speculation and then ^ 
tell them that this c^uestion 
wil-1 be inves tig^te^^ in the fol- 
lowing Activities. 
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MINI SEQUENCE I/Activity 2 



^ Activity 2 Plant and Animal Cells , 

This Activity is introduced with the question- that was posed at 
V >^ tl^ conclusion of Activity 1: Are other parts of plants, such 

as, roots, stems, flowers, fruits', and seeds, also made up of 
cells? In order to- find out, a microscopic ' study is made of the 
leaf, stem, root, and^ flower petals of a single plant, the 
Begonia. ' ' ^■ 

In' order *to broaden their investigation^ to include other plants,' 
^ the children look at tissues from an onion bulb, a carrot root, 
a lettuce seed, tomato peel, and td'mato .piilp under th^ micro- 
scope. The presence of cells' in these materials is used as 
additional evidence that all parts of plants may Ue made up of 
cells. A question is theh raised regarding the o^llular' com- 
position of animals. Human cheek cells are examined a'&^^ne 
^ ' Example of animal cells. Thus', children are provided witii a 
^ 'number of expediences in' which, they directly observe cells as^ 

' I structural units of living/ things'. 

" MATER'IALS and EQUIPMENT: 

For each child (or small group) you will need: 
1 microscope (40X) ^ • . ^ 

1 microscope slide 

1 plastic covferslip^ , 

V ^ . ^ 

1 plastic cup, 1-oz, to be used as a container for iodine 
solution «y 



1 medicine dropper 

1. plastic cup to be used as a. water contai*ner for prepar- 
ing wet mounts . » 

1 toothpick 

* ♦ • 

In addition you will need: — ' - "» 

1 garden trowel ... 
1' water bucket, 2-gal 

.9^. . / . • AO - 
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10 plastic dishes in which slides and coverslips can be 
washed, and rinsed 

1 oz of liquid detergent 

paper towels , ^ \ ^ 

1 box of facia^l tissues 

1 oz tincture of iodine 

1 bottle iith cork or cap, 1-pt 

1« razor blade, single edge ^ ^ • . ' 

5 sharp paring knives * 
1 shallow saucer 

1 potted Begonia plant with flowe^s^on it 
15-20 sheets of newspape^ 

1 onioji, medium size ^ - " 

r'ipe tomatoes, medium size 
30 ;Lettu^ce seed^, germin^ited ' 
5 Jcarrot^, medi.um size 
1 roll of wax paper ; 




' PREPARATION FOR TEACHING: 

Begonias are a common plant that can usually 'b^ obtained wher- 
ever ^pl'ants are sold. ♦ , . > 

The dishes of -water, in which slides ahd coverslips are to be 
washed and rinsegl, should be prepared as they were in Activity 
1, Again, these should be arranged for children's use .at five* 
different stations. There should also be a supply of paper 
* towels at each station. * 

■ \ ■ • ■ ' - ' 

Three other things should also be don^in advances 

^ 1. The 2-gal bucket ^should be filled about 2/3 full of water. 

2. Prepare about 1/2 pint of iodine solution by- mixing 1 

ounce of tincture of iodine with. 1/2 pint of water. The 
solution should be mixed in the 1-pt bottle. it should 
then be capped or corked and set aside until used. What- 
ever is left over can be saved for use in Activity 3. 
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Retrieve the germinating le-ttuce ^seeds 
tion for Teaching "^in Activity 1) . 



(see the Prepara- 



Before childrep get started on this Activity, it is again im|>or- 
tant that you yourself examine . each of the materials with the 
"^Ifhicroscope beforehand. . * . 



ALLOCATION OF TIME; 



ERIC 



fhe, children will need approximately 4 hours to complete this 
Activity. (Less tim^. will be necessary if the^ share some of 
the slide preparations.) 



J 



TEACHING SEQUENCE 



1. ^ntftoduce^^this Activity by 
having children recall the 
question tha^ was raised at 
the conclusion of the last 
Activity. Then suggest 
they study the yBegonia plant 
(show it to'th'em) and see if' 
it, too, is made up of calls. 



t^^t 



^ ^we^ 

ferent parts of the plant/ 
They can examine these parts 
to get additional evidence to 
use in answering the question 
regarding the cellulau mak*e- 
up o f pi an^ts . 



Give each, child a microscope 
slide, a coverslip and a 
med^icine dropper. Place a 
plastic cup of water at* each 
seating positioi?; Unless you 
have enough for each child, 
form- groups -and distribute, 
the microscopes as you did in 
th'e preceeding Activity. ^ 

•i 

Each child should /pf-epare a 
wet mount of a petal from one 
.of the Begojiia flowers and 
use ; the microscopes^ to see if 



COMMENTARY 



'You ^might wri teethe quest:ion 
on the chalkboard. ' 
« 

Becfonias are particularly suit- 
able for such an investigation 
since they can easily be cut or 
torn into pieces that can be 
readily examined with the mi- 
pro scope . 

The different parts that many 
glant^s have: flowers, leaves, 
s'tems, and roots, were dis- 
cussed, iji Topic I of Grade 2 — 



The cups of water can be 
shared, if you wish. 



It should 'be noted that the 
f low^er petals are very thin . 
It will be quite easy for th^em 
to observe^ the circular shapeti'^-w 
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TEACHING SEQUENCE 



it is made up of cells. En- 
• courage t*hein to draw sketches 

of the cells and label the 
. sketches for later use. 



Show them how to 
nia leaf so that 
of it is ^1 eft at 
edge . 



tear a Bego- 
a thin strip 
the torn' 



Ask them tg prepare a wet 
mount of the thin' .Begonia 
leaf strip and examine the 
torn edge under the micro- 
scope . 

• How does the shape of these 
leaf cells compare with 
those of the El odea leaf 
and the cells of 1:he flower 
petal? 



COWMENTARY 



cells of a begonia flower 
petal ^ 




After the petal is e:j^mined, 
',have the chil'Qren clean their 
slides and cov^erslips in prep- 
aratiorf-for the rjext examina- 
tion * 

* * 

Thi-s is not difficult to ac- 
complish if the leaf is torn* 
on the bias rather .than straight 
across . 



S 




The f lowe r--pe tal cells/are much 
more regularly sloped than the ^ 
leaf c'ells. AlSso, the. leaf 
cells ar*e mostly gre^n, whereas 
the petal' cells *hav4 other col- 
ored materials iir^chem . X*^^® 
leaves of a waxed Begonia' are 
rust-colored and -thus their 
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TEACHIMG SEQUENCE 



/ 



Next, show the children how 
to peel off the »thin skin 
(outsirde covering) of the 
Begonia sj:ein. 

Have them obtain a section of 
skin, prepare a v(^et mount of 
if, and exaitiine it with the 
microscope for evidence of 
cells. 

' ** 

Ask them to draw ^ketches of 
the cells and label them as 
the skin cells of a Begonia 
Stem . 




Now show the cl'a-s^ how cross- 
sect ional,s'lices of th'e Bego- 
nia stem are prepared. 



(^ive each child a toothpick 
and ask him or her to remove 
one of the slices of Begonia 
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cells ha veered dish colored 
bodies in trreTTTT)'" 

This is done by using a sharp 
paring knife to t9ar off the 
outer skin of the stam. It 
strips off quite easily. - One 
strip may be long enough to 
supply several children with 
1/2-inch sections. 



These cells will appear to be 
tinted green and somewhat 
elongated in shape. 




.Since a razors blade is used^r«-in 
thi^s operation , the teacjjijjeif • ♦ 



should probably perforin it: 



Cut a section of 



s tern 



at the 



t-ip of the^lant ar>a l^v it on 
a piece o f^axdhoa^rd . Wi th 
the razor bla'de, slice very 
thin'pieces across, the cut end 
of the stem. It may take a 
Tittle practice to get the 
' s 1 ic^^ papeiv thin. cut about, 
35 to 40 sli'ces and put them 
in a, shallow saucer of water. ' 
In this condition they will*, 
stay fresh for several hours. 
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TEACflJNG SEQUENCE 



stem f^om^trhe saucer, prepare 
a wet mount of i±. , and then 
V examine 'it with "the micro- 
scope. 



After they have established 
the fact that the inside of 
the stem is al^o made up of 
cells, have them draw sketches 
of the cells and label them. 

• How does the cross-sectional 
view of the stem cells com- 
pare -with the view of stem 
cells you saw in tfie sk*in? 



Invite children to observe as 
you prepare sections of Bego- 
nia roots 



COMMENTARY 
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-Most of tile cells will appear 
'to be shaped like the cells ii> ' 
a honeycomb. This is beca^u^se 
what y©=tl actually see in ^this 
cross section is a top view of 
the 'cut ends of cells, Matiy 
of the stem cells are e-loVi- ' 
g^ed, as they appeared to' be 
in the skin that was peeled' 
off. th6 outside of the stem. 
In the skin you were getting a 
side view of stem cells. " 

Before you begin this op6ra- 
'tion, assure the children that 
what you are going to do will 
not kill the plant. Over news- 
papers spread on the floor, 
q^refully r-emove the Begonia 
plant*and the soil itis in 
from the pot. Loosen, the soil 
with your .fingers^ so that much 
of it will fall away from the 
roots. Now put the root end 
of the plant into the prepared 
bucket of water and Slowly 
move it up'and down while * 
holding onto the stem. "^This 
slo'w churning action in the , 
water should remove most of 
the remaining soil from t^ie 
' rooiss . 

There will be literally hun- 
dreds of white hairlikr© roots 
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TEACHING SEQUENCE 



Have each of the chi Idren ' pre- 
pare a wet mount of Begonia 
'root section and examine it 
to find out if it, too, is 
made up of cells. 



Encourage 
cells and 
ske t che s . 



them to sketch root 
label their *^ 



/ 

Summarize this Section by dis- 
cussing questions S:uch as: 

• What do all parts of the 
' Begonia plant have i'n 

common? 

• Are the cells^ in all'parts 
the same? 



• In what ways are tli^ cells^. 
different? 

2. Introduc.i; this SectiJs)n by 
showing the children the 
onion, the carrot, the ger- 
minated lettuce seeds, and the 
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exposed when the soil is' re- 
moved. Carefully detach a 
number of these and put them 
into the saucer of water. Use 
a^^harp paring knife or razor 
blade to cut them in\o section's 
about 1/2 i^nch long. (The 
Begonia plant will not have 
been seriously damaged by th'ts 
operation. * It can be replanted 
in the pot and watered well. 
The soil should be kept moist 
for several days.) 

They will find that each hair- 
like root is m^de up of c^lear, 
almost colorless, elongated 
cells . ' 




^They^are all m*ade up of 'cells. 



In discussing this question, 
have children pompare th^ir 
sketches of the differ e^nt 
kinds of cell s . 

They may be different sizes, 
shapes , and colors ^ 

They Will probably h'ave little 
difficulty in recognizing t^e 
carrot as a root and the let- 
tuce^seeds as seeds. However,' 
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TEACHING jS^QUENCE 



tomato. Ask them to tell what 
part of a plant each cbject 
represents and then dislcuss 
their responses. 

After each object is properly 
identified, write the informa- 
tion on the chalkboard; 

•onion bulb - underground bud 
lettuce seed - seed 
carrot ~ root ' *- 

tomato - fruit ^ 



feVr t 



Sugge^ that they investigate 
the parts- of these plants to^ 
find out if they, too, are 
madeupof cells-. 



/ 



First, discard the outer layer 
of the onion which has a dried 
appearance; Cut out a small 
section of one of the ^oist 
scale ^leaves and^ demons trate 
how the onion skin, which is 
nearly transparent,, may be 
peeled of$. 

40 
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thSy may h a ve ' di f f icuJ. ty in 
accepting the tomato as fruit. 
If they do, cut a tbmato in 
half and show them that it 
contains seeds, just as other 
fruits do, sucl^as af)ples, 
peaches, 'cherries, ,and orange-^ T 

'They will probably have greatest 
difficulty in identifying the 
onicrrf as a bulb, Evep whea they 
are told it is a bulb,, they may 
think of it as a root since it 
is' obtained by digging it out 
o'f the' soil , A buXb is a spe- 
cialized form^ o'f .underground 
plant bud containing, in an 
underdeveloped condition, the 
parts* of a complete plant. To 
help them see thi's,>cut the 
onion bulb in hSlf ^y cutting 
through i^l: from top to bottom . 
The overlapping^-fyleshy shell 
like structures trtatf we ea.t are 
"scale leaves." - They contain 
stored food that will be used 
by the undeveloped patts of the 
onion plant when it begins to 
grow. ^ i 

In this Section, you irtay want 
to have different groups of 
children prepare the onion, 
lett-u^ce seed, carrot ^, and 
'tomato for^viewinq. The obser- 
vatiojis and inferences would 
then be made ^"ohciir'rent ly and 
shared. All the childrexi 
should have the experience of 
stamina oniort skin cells, 

howe ver*j; 

A very thin. .Tayer of cells 
covers the^ overlapping scale 
leaver- in the onion bulb. 
These may be referred to as 
pnion skin 'cells (scientifical- 
ly they are called onion 
epit'heliaj. cells) . 
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Nextj, give each child a piece 
of scale leaf from the onion 
bulb and ask him or her to pre- 
pare wet mounts and examine 
the onion skin to find out if. 
it is made up of cells. 



MINISEQUENCE I/Activity 2 




ch the cells , 
es |i;nd com- . 
^e^ vitri %iios^ 



As'k them to, 
label the^ 
pare th'eir* s 

of other -/children . ^ Yo.u, 

^mighti'ask one.of^/the cHildr^ 
to r^produce^^'is or her s^etc 
on the chalTcfcxpl^rd . " 

Give each group^ 1-az ciit|). 
Tell the class that you are 
going to put a ^Meik solution.'' 
of iodine into Jach cup. \Af- 
ter the solution has been,-^ 
poured^into ^each cup, ask 
the-- Chi Idren to touah'^the 



COMMENTARy 



Use a knife or fing^r nail to 
loosen the thio skin at tTi^ 
cut eTid^ o£ the scale leaf 'and 
then peel it off in th.e same 
J. — RV^nn^r that th^ skin was 

peeljfed off the Begonia -stem. - \ 

If the o^ion skin membrane is* 
exposed to the air*for very 
long^ it will dry out and' curl 
up. Therefore, the wet mounts 
should be prepared as quickly 
as possible for best "results. 

It may take ^ little time^^r 
all -the childr^r\ to * locate ^the 
cell's.^ However it is important 
that tlie^ do. Encourage*^ the 
children to help others^ 'who 
need it . 

The cells will be somewha t 
•"clea^ and elongated. T 



iodine solut 
5f a finger. 



on 



wi th 



'the tip 



•What does the iodine solu- 
tion do to 'the tips of your 
f inge r s ? ^ - - 

Ask them if th^ey 'think "that, 
when iodine so^lut ion - touches 
onion 'skin cellSr i-t-;w>i^ — - 
'stain them. They carr^ftTTd^ 
out 'by 'doing thd following: . 



Tear off" a'strip 
towel about; 1-in, 



of paper 
wide . 



<3 

an 



S5 



You ^shg^ld ge^t thfe,answe|: that 
it coi'o^s j:>£ stains their^^i^ 
f ing|rs . . , , 



dna& edge of/ the paper towel 
shouJ.dnl5s even. ^ / 
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TEACHIN^ SEQUENCE 

b. Take up a sma'll amount of 
iodine solution into 
medicine droppejr. 

r 

c. Place one or two drops of 
iodine solu.tion on the 
slide directly next to 
cover slip. ^' 

'd. Place one edge of the • 

paper bowel on the oppo- 
site side of the cdverslip 
so that it just touches 
the wat^ under the cover- 
slip. 



L e.t the slide stand for 
about 10 minutes and then 
observe it with the^icro- 
scope . ^ 

How does the iodine stain 
help you to observe the 
onion skin cells? " 
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No more than 4 drops will be 
needed . * f 

/ 

The drops of iodine solution 
should be touching the cover- 
slip. 

As tjie water, is drawn out ,by 
th^ paper towel, the iodine 
soluti^ will be ^draWn u^nder 
the coverslip into contact; 
with the onion skin cells. 



« 

The walls of the cells will be 
stained yellow and wi^l become 
more distinct. ^A small* bo^dy 
within each cell will also be 
staineed yellow. Thi's body is 
the nucleus of .the cell. 




Iodine solutions j.s only one of 
several kincjs of solutions that 
may be used- to stain cells. At, 
't}x^ end/of this Activity, sug- 
gestions are nm^-e-'' f or ' those chil-. 
^.dren who wish to have addition 
^experiences investigating plant 
cells. Suggestions are also 
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I^INISEQUENCE I/Activity 2 



TEACHING SEQUENCE 



Give each child a' germinated 
lettuce seed. Ask him or^her 
to remove the outer skinlike 
covering of the seed that has 
been Toosened. They should 
then prepare *a wet mounf: of 
this seed coat. As they examine 
it, have them draw a sketch 5f* 
the cells. 




Ask if they can generalize 
from this e-^idence that all 
•se'eds are made up of cells. 



Cut the carrots into se^;^^ar^i^^ 
1-in. sec;tiOTis ^nd give ea*'ch 
child one section. * / 

\ * 

•Demonstrate how they are to - 
prepare ^wet mounts of" mate\rial 
* take;i from the surface of the 
carrot root. After the.dem- 
ohstration,. have them, ^rep^re 



a wet mount and examine it \ 
with tl?e ' micras.cope . Encour- 
age them to sketch ahd label 
the cells, which ^^ll'be 1 . 
similar in si^e and shape toi 
those skinne'dVoff the st@m'ot 
the Begonia plantc. 
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made for usinq other kinds of 
stains-, such as food color i^ng*: 

All seeds, .have an outer coat. 
This servers to protect the 
store<^ food and the embryonic 
plant inside .the seed. See*ds 
will not begin to grow until 
the seed coat is ''br9ken or 
loosened, thus admitting air 
and water. The lettuce seed' 
coat can be obtained after the 
seed has germinated. 



No^-be<:ause they have examined 
only one pirt of one kind of/ 
se'ed. HoWever, the evidence 
^s' building up that all parts 
of plants are irf^de up of cells 

Save the small, rnd^re tender, 
tip end of each carrot root to 
use in making cross sections 
(see below) . Sincfe it i^ not 
possible to peel off the outer 
layer of cells on the ^^large 
caf-rot tap root, a sampleMf 
the covering cells must be 
obtained by lightly scraping 
the carrot with a knife. The 
scrapings should tbjpli he, put' ' 
onto a slid-e and two or thre^ 
drops oT^ater added to them.* 
A* toot^hpick should^ be -used to 
S^pread ,the scrapings' before 
putting on the coverslip/ 
When the slide is observed 
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TEACHING SEQUENCE 



J 



Have each child make a wet 
mount of a cross-sectional 
slice of carrot root. ATI 
should observe their mounts, 
sketch a few cells, and label 
them. 



Next, cut each tomato into 6 
pie-shaped sections and give 
each group of children a 
•t om a t"o^~ s e c,t i o n ^ o n ~a" piece' ojf 
waxed praper. Suggest that 
they pr^^are wet mouijits' of 
tomato material fram^three - 
different pla'ces: the skin^ 
the *pulpy" mater ial* directly 
under ,the skin, and the 
gelatinous material beneath 
that r-^-^-.- ™ 



ERIC 



Af1:6r 'they have prepared each 
mount,"-they might sketch the 
cells and compar-e thei-r 
ske^tch^s with those o^ cither 
children**. ^ * " • ' 
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with a microscope, some parts 
of the scrapings will be 
leveled out so that cells can 
^e seen . 

Prepare cross-sectioiial x^lices. 
of th^carrot root by using ^ 
thfc razor blade as was done 
when cross-sectional' slices 
of the Begonia steiti were pre- . 
pared. The ca"rrot is tougher 
and getting good thin 'slices, 
will be a little more diffi- 
cult. Store the' slices into 
a saucer of wate^. 

.These cells will also look much 
^ like those in the^Begonia stem. 
As in the Begonia stem, tljey, 
will be arranged- in symmetrical 
patterns around the center "Of 
the 'root . 



To save time, they can work in 
groups of tlireQ, with each 
-child making one mooint. 

By thi s time children should^ 
have learned the technique 
for removing a thin layer 
frdm the skin of the tomatp. 
A mount of the softer material 
beneath the skin sHould be pre-" 
pared hy cutting a thinr slice 
off it with a paring knife. 
The gelatinous inatei;ia,l may* 
be removed and T)ut onto the- 
slide with a mecLicine -dropper. 
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MINISEQUENCE I/Activity 2 



TEACHING SEQUENCE 




Summarize this Section by ^dis- 
cussing questions such as: 



• Die} you find cells in the 
' onion bulb, the lettuce 

seed, the carrot root, an 
the^ tomato fruit? 

• Were the cells in these 
parts all alike? 

• Can you now say that all 
pla'^nts, and all parts of 

/plants, are made up of 
cells? 



3 . -*~A^k the children i£ , from 
the evidence they have •^abo'^ut 
plants, they would expect j^o ' 
find that animals are also ^ 
ma'de; up of cells. 

• ^hexe mig.ht you get an ^ 
animal to use^in finding 
out if it is made up of 
cells? 
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Although scientists* balj.eve 
.this to ^e t^e many more ^ 
pla-nts woul^ have 'to be ex- 
amined their cells ob- 
served be fore the chi Idrdn 
could be sure. This _is whai 
scien-tists over the years 
..h^ive actually found. No one 
s-cie^ntist has examiaec^ all. 
plants but no . plant has bean 
found by any scientist that 
^as not made up of cei-l^^.^^- 
For .those who say ^'yes , " ask- 
what evidence they have: Have 
thiey, actually seen animal ' 
cells or has 'jomeone ^toPd • 
jbh'em? '~ . 

As various sug*gestions a're 
made-, someone .will probably ' 
come up wi'th the idea that 
they themselves might be ^a. 
sourceofc**ells. 
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TEACHING SEQUENCE 



• From what part of yoyr body 
could, you take a sample to 
find out if it is made up 
of cells? 

If hair, finger nails, and 
saliva are mentioned, encour- 
age -the children to examine 
them under the microscope. 



Ask the children to fe^l tfce 
inside of their cheeks yith 
their tongues'. TelT th:em that 
their cheeks aire 1 ined '^i?i th^^' 
a thin iW^ej; of. material that' 
can be sctaped off wit4^- a 
toothpick 1 - , 



I 



I 



Denidnstrate how this isadone 

and h'ow the scrapings can be 

transferred to a microscope 
slide. 



Have the -children prepare wet 
mount's of the material "scraped 
off their cheeks and exami^ne 
it with a microscope. 
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The following will probably be 
included among their sugge-s- j 
tions : hair, finger nails, 
sa'liva, and blood, 

Expla in that there would be 
danger of infection if lihey 
were to prick a rtsa^jer for 
blood. Hair, finger n^ 
and Saliva are all produced 
by cells of the bo-dy . How- 
ever, they are not aliye and 
when examined b'y the micro- 
scope will show no evidence, 
of living cells. There will 
be air bubbles in the saliva 
and particles- of maVerial 
floating in the ^liquid but no 
cells . 



The cheeks are lined with 

epithedial tissue, as are all 

cavit'ies in the body . Th*in • 

layers of lining tissue in 

plants, ^such as in the onion, . 

are also called epithelial ^ 

tissues'. Epithelial tissue 

is made up of ^epi thel iai ceils'. 

-* 

Th e s craping should be d*one 
gently with tfie side of a 
toothpick. The toothpick should 
shoul.d then be wiped on the 
fiat suirface^of a slide. Drops 
of water and cover slip 
should b^e us to make a wet ^ 
mount, as-usual. , 

It may take a 'while for them 
to lodate- the scattered cheek 
cells. They may be -found 
singly or in small clumps -o'f 
three^ or f our . They are clear, 
somewhat irregular in shape,* 
and the cell walls separating 
them^ are not as distinct as * . 
twas seen in plant cells. 
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MINISEQUENCE I/Activity 2 



TEACHING SEQUENCE 



After they have located the 
cheek cells, have them stain 
the cells with iodine soUtetion 
in the same manner that. the 
onion skin ceTls were stained. 
Encourage .them to prepare 
sketches of cheek cells and 
•to compare their sketches. 



• Would you expect to find 

other parts of •the body made 
• up o f c e 1 1 s ? 



Conclude this 
discussion of 
ques t ion : 



Activity with 
the following 



■In w 
thin 



^t ways are 
alike?' 



all livina 



Encourage children to give 
examples such as the following 
to emphasize the idea of 
structural units: 

• A brick building is made u*p 
of structural units called 
br i cks . 

• Grains of sand are the 
structural units of a sandy 
beach. - 
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After about 5^ minutes/ the 
cheek cells will be stained 
yellow and will become much 
more evident . 




As the children may suspect', 
livihg partjs of^'the animal 
body are maddl^up of. cell^. 
These include skin, m'uscle, 
bone, bl6od/ nerves, and 
tissues that h,old various < 
organs in place . 



The central idea to be estab- 
^lished here is that all living 
things are made up of cells-. 
Cells are the str^uctural units 
of living things. 



There are many examples ^uch 
these that children can give 
w.hich will "help them to • 



as 
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»MINISEQUENCE^ I/Activity 2 



•TEACHING SEQUENCE 



• Letters are the structural 
units of a word. 

• Words are the structural 
u n its of a sentence. 

• Black dots are the struc- 
tural units of a black and 
white printed picture. 

• Cells are the st-ruttural 
units of living things. 
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:establish the concept that 
cells are the s'tructural units 
of living things.' 



•EXTENDED EXPERIENCES: 

1 .* You may wish^ to encourage one or more of your childreji to 
continue their microscope investigations of- the cellular struc- 
ture of differ.fent parts of plants. The following are some that 
can Be investigated satisfactorily with either 40X or lOOX 
magnification: . • "* . 

apple - skin and pulp ^ 
plum - skin and pulp 
. cucumber - skfn peelings arid pulp . ^ . . 

blueberry - pulp 
- carnation stems - peeled skin 
cherry - skin and pulp - 

geranium - leaves, flower petals, peeled skin of stem^and 
hairlike roots. 

2. Some .childi^n may be interested in experimenting with dif- 
fereYit food colors as sfains to be used with such cells as 
onion skin and cheek epithelium. Green food color has been 
found to be quite a good stain. 

/ 



• « 
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MINISEQUENCE I/Activit/ 3 



Activity 3 Changes inside Banana Cells 



In addition to verifying the hypothe sis - that the fruit of the 
banana plant is rfrade up of cel^ls, children discover th^t the 
pulp cells of unripened bananas contain 'starch . They' also dis- 
cover that the starch in banana cells i-s found in the form of 
small p^ticles. These particles are called starch grains. How 
ever, when the cells of a ripened banana' are* examined , very few 
star.Gh grains are found. This discrepancy leads to the question 
of wfiat happened to the starch. After comparing the ta>ste of a 
ripened an^d unripened ba-aana , an hypothesis-^that the"--&tarch h'as 
been changed to sugar--is ^\)roposed . Thus the idea is introduced 
that cells not only contaii smaller particles but that' the parti 
cles may change over a pe/iod of time. This idea is basic to 
.the concept of cells as functional units of li\^ing things. 



MATERIALS AND" EQUIPMENT: * , > 

For each child (or small gronp) you will nee^i: ^ • ' 
^ 1 micros(;ope (40X) 
/I bottle with cap or cork, I'-pt ^ ' \ ■ 

1 ."microscope slide • . 

1 plastic coverslip ' ' ^ 

1 plastic cup, 1 oz, to be ifsed as a container for iodine 
solution " ' » ' - 

1 medicine drop xm. 



1' plastic cup to be used as a water container in preparing 
wet mounts' , " 

2,toothf)icks ^ 

Inadditionyouwillneed: ^ * 

. 1 box of corn starfh (optional~-see page^ 53 ) 

iodine solution froirf Activity 2 (make rSore if necessary) 

■J 

10 pi a s t i c di s he^ i n wh i c h sli3es and coverslips caij be 
washed and riosed 
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1 oz liquid detergent 

paper towels 

1 box of facial, tissue 

5 sharp paring knives 

1 roll of waxed paper 
4 unripe b^ananas \ 

2 ri pe bananas 

2 serving trays 



PREPARATION FOR TEACHING: 

c 

As was recommended in Activities 1 and 2, it is imperative that 
the teacher wo:|jk through the suggested experiences in* this Active 
ity before undertaking them with children. In assisting child'ren 
there is no substitute for the "voice of experience," 

When purchasing thte 4 unripe bananas, select those wTiose skins 
are greenish yellow, if 'the skins are mostly green, so much the . 
better. In selecting the 2 ripe bananas, select those that have' 
yellow skins with a number of brown spots on them. Since each 
l:^nana will eventually' be cut ^nt"o 15 1/2-inch slices, each 
should be, approximately 7 i^nches long, . Afjter the bananas are 
purchased, they *sl\oulxi not be stored' in 'a refrigerator. Unripe 
bananas' will not ripen in the 'cold and thus the starch will not 
be converted to sugar. 

The dishe-s of water in which slides and cover^lips are to be 
washed and rinsed should again be'prepared and arranged in sta- 
tions for children to use. 
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ALLOCATION ' OF flMfi : 

This Activity will take I approximately 1-1/2 
time over a period "of few day^ , which are 
vation of the ripening banana. 



TEACHING SEQUENCE 



hours of total class 
necessary for obser- 



Show the children one of 
unripe bananas. Ask them- 

it and describe its 



1. 

the 

to identify 
50 



It should 
f ied as a 
fruit of c 
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not only be ident:!- 
banana, but as the 
banana plant . A 
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MINISEQUENCE I/Activitv 3 



TEACHING SEQUENCE 
proper tie s . 



Now show them one of the ripe 
bananas. Ask them to describe 
its properties. 

Ask them to compare th^ proper-^ 
tie^s o,f the unripe and »ripe 
bananas and to tell which bana- 
na they would prefer-to eat. 



Ask why they would prefer .to 
eat the ripe banana. 



Tell the, children that you are^ 
going to gi\/e each of them a 
slice of uAripe banana *and a 
slice of ripe* banana. Since a' 
part of the skin will be left 
on each slice, th.ey will be 
able toi^Stell which is the un-* 
ripe slice and WhicR is the 
ripe slice. 'A£i:er each child 
has been s^ved the two slices, 
he or she is to taste each one. 



•What difference do you notice 
in their ta^^te? 



After the children have com- 
pleted the tast>e test, dispose' 
of the^remains of the test and 
discussvpossible reasons for 
the ripe'banana tasting sweet- 
er. 



COMMENTARY * 

/ 

number of properties', including ^ 
its s"ize and shape, may be 
given. However, the property • 
of particular importan-ce at this 
point is its. green, or greenish 
ye 1 low , color . * 



Again color is 
include in the 
tie s ^ 



importar^t to 
list of '^proper - 



It should be established that 
the greenish banana is unripe 
and the brownish-yellow banana 
is ripe and therefore to be pre- 
ferred for eating." 

They will probably say that it 
would taste better./ I^ the sug^ 
gestion- that the 'ri/pe banana is 
probably sweeter does .not come 
out, it wi^ll as a resul-t of th^' 
comparatiive taste tes.t which ^ 
f o 1 lows . 

Two ,or-^more children could as- 
sist in making these prepara- 
tions. Cut the slices of banana 
on a sheet of waxed paper cover-* 
irig a serving tray and use the 
serving- tray to «dis tribute the 
^anana slices. Each child 
should be given a 4-in strip of 
wAxed paper upon whicH the, 
slices of banrana can^be placed. 
He-or she should also be given 
a too tjipick to use in removing 
pieces of the slices in order 
to taste them. ' ' ^ * 

The children should generally 
agree that the r*ipe banana 
tastes sweeter. 



Out of the discussion w^ill prob- 
ably come the id«a that tha 
ripe banapa may contain more 
sugar. When this happens ,tel 1 
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MINISEOUENCE! I/Activity 3 



TEACHING Sfe.QUENCE 



2. rfave the class recall what 
they discovered about plants in 
the previous Activity. Ask how 
they would expect the, b.anana to 
be like other plants they have 
examined. 

•♦.What parts of the banana / , 
fruit would you expect to be^ 
made up of cells? 



Distribute, the mic 
microscope slides, 
and medicine dropp 
child. Give each 
dren a fresh, 4-*anv 
waxed paper'^ a fre 
unripe banaft'a, two 
and approximately 
iodine soliXtion in 
Ask each ch^ild to 
mount of baiiana sk 
ine it with^the mi 



ros cope s , 

covers lips , 
ers to each 
pair of chil- 

strip-bf 
sh slice of 

t o o t hp i ck s , 
1/2 oz ot 

a 1-oz^ cup . 
prepare a wet 
ins and exam- 
c ros cope . 




\ 



Now have them prepare wet 
mounts pf tl^e unripe banana 
pulp. 
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the children that they should 
hold onto that idea as a good 
hypothes is . 

The parts of plants they exam- 
ined werO' made up of cells. 
They should expect the banana 
to be made ug of cells. 



Based upon previous experience ^ 
they should expect both the skin , 
and the pulp to be made up of 
cells. 

If children in groups are to 
share a microscope , divide the 
class into groups and gi^ve each 
^roup a microscope.. 



One of the " remaini ng unripe 
bananas should be cut into at 
Teast* 15 sjices. Each' slice 
should be Made up of. both skin 
and^ulp. ::"^On'e unripe banana 
should remain unsliced. 

T^l^e banana;^kin should^, 
scraped tO::i,remove small buTiches 
of the thin layer of cells that % 
cover it. -Mounts of the banana, 
s^in scrap i;ngs should be pre- 



pai:^*ed in the same manner as 
mountfs of carrot root skin 
scrap ings were pre p^rye d . 



the 



If sketches of tomato ski^n cells 
were made, cells of-'the banana 
skin might be compared with ' 
them. ^ 



A' toothpick should be used to 
remove a small bit of pulp. It 
should then be placed oi^ a clean 
slide and spread out into a 
very thin sinear. The smear v 
should be so thin that it is \ 
h^4rdly visible. Three or four 
dx op^s of water* should then be^ 
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TEACHING SEQUENCE 



Ask them . to observe carefully 
the cells of the unripe banana 
pulp . 



,Be sur^ that all children have 
not only seen the pulp cells, 
but the oval bodies insid^e 
them. 

• What do you think the oval 
bodies might be? 



H^^ve .the^iruu recall' how they 
staibed onion skin^cells and 
chee^k' cells with iodine solu- 
tios[^ in order to see them more 
clee|it:ly. ^ugg^st that they 
use )|^he"^edhnique . learned iji. 
Act^^ity 2 .and add iodine 
solt|iLon to «their wet mounts 
o f l^^in a na pulp. cells. 

Aft^ the iodine solution has f 
hadVtime to get to the cells, / 
ask ';;the children how the ap-X 
pear:ance of the cfells has 
chaaged. 



Have yoU' ever seen something 
, turn blue-black wTien iodine, 
solution was added to it? 
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put on the smear and &a cover- ' 
slip added. 

Cells taK^en from the outer edge 
of the pulp wijjl be smaller and 
rounder than the elongated cells 
taken near the .center of the 
pulp. Most of the cells will 
contain many oval particles. 



r-' 



If they 
come up 



it 



find 

with any ideas 
push them into making 
guess e s . 



difficult to 
^ don't 
a wild , 



Two changes will be noted; the 
ce3,l walls will be more'dis-" 
tinct and the oval particles 
will have changed from being 
relatively clear to' beipg- dark 
blue --almost black. 

In Grade ^3, Mini sequence~VI , 
Activity 1, children discovered 
that when an iodine solution is 
added to starch, the starch 
changes f-ro.m white to a blue- 
black color. In subsequent 
COPES Activities this inter- * 
action is established as a 
standard test for stirch. It 
your children have not had 
"these experiences, put a pinch 
of corn s'tarch on their strips 
of waxed paper and have them 
a drop of iodine solutidn 



put 



53 



62 



MINISEQUENCE I/Activity 3 



TEACHING SEQUENCE 



'4 



After it has been established^^ 
,'that the oval particles con- 
tain starch, tell the class 
that they are called starch 
grains . Ask them to sketch 
several banana pulp celLs with 
stained starch grains inside 
of them. • 

3. Now call- their attention 
to the one remaining unripe 
^banana. Ask them to tell 
ag.ain how the ripe banana was"^ 
different from the unripe 
banana. * 



• What would you have to do in 
order to get this unripe 
banana to ripen? . 



Put the banana in a bag and 
put it Wher^ mice or insects 
cannot get to it. 

The class sho'uld observe the 
banana every day and describe^ 
how the color of its skin 
changes, and how it becomes 
softer as it ripens. 
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on it. * Make certain the* chil- 
dren know that .the white powder 
put on the waxed paper is 
starch. The color of the 
starch will change to' that re- 
sembling the oval particles in 
thepuipcells. ^ 




Be sure they include not- only 
the change in color of the 
skin, but als^o the change\in 
t^s te . ' 

Most children will have ob- 
served bananas ripening at home 
and will know that all you have 
to do is to^ set thejn aside and 
wai t a few days . 



J" 



The banana' ^should not be" put* ' 
into a refrigerator. ^ It ripens 
best at room^ temperature.. 



( 

It will take several days f/r 
the unripe banana to ri^en. As 
y^u know, the skin of a ripen- 
ing banana passes through color 
changes from green through 
yel^lov to dark, brown. Observa- 
tijpji of the same banana over^ 
the period pf - its ripening pro- 
cess can become a worthwhile 
experience in deve loping the 
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TEACHING SEQUENCE 



After the banan^ half reached 
a stage Vimi larl to/^tha t of the 
ripe bananas theyytasted , have 
the children p'repare wet 'mounts 
o'f ripe banana pulp cells, ob- 
serve the' cells, and describe 
the ^changes that have taken 
place • . " 



Suggest^ that tlrey stain tile 
cells with 'iodine solution 
They should observe some of t'he 
stained cells in the ripe pulp* 
ar>d sketch them. These 
sketches should be 'compared' 
with the ones m'ade earlier of 
'unripe pulp cells. 



•What do you think* happened to 
the starch grai^ns*? 

They should recall that the 
ripe banana pulp tasted sweeter 
than the unripe banana. Ask if 
there could possibl^.be any 
Connection between the two 
changes:* disappearance of 
starch grains and appearance of 
sweet tasting pulp,i 

I . 

H'elp^the children to see that., 
the idea of. starch grains being 
changed to sugar is 'based ^t^nly 
upon the observatiori that a 
ripe banana tastes syeeter than 
lan unrip-e one, -Thisl evidence 
is not conclusive proof that 
this is what actually happened. 
Therefore, the idea v^ust be 
considered an hypothesis, 

• What else might • be , done to 

• make more certain tnat the 
starch did change to sugar? 



I/'Activitv '3 , 
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i'dea <that a living thing 
changes with time. 



The cells should\look'"much like 
they did in unripe pulp. How- 
ever, tKe children should be 
impressed with. the lack of 
st^arch grains in ^the cells 



When compariso^is are ,mad'e, the 
principal difference should b^e 
'the labk of blue -black starch 
grains iiv.jthe ripe pulp cells,' 



This discussion could, quit^- 
^rea'sonably , lead to the hypo-^ 
thesis that the starch in the 
unripe banana was changed to . 
sugar ^during the ripening pro- 
cess* 



\ 
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They may suggest that if tests, 
similar to the s tarch'-iodi ne 
test, could be performed to 
determine if thfe ripe banana 
really did contain more sugar, 
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TEACHING WqUENCE 



4. Summarize the ideas de- 
^loped in this Minisequence 
by discussing questions such • 

• V{hat was observed when. the 
Elodea leaf was examined with 
the microscope? 

•'what other plant pacts were 
found to ^be made, u^p^bf cells? 



• What parts of ajiimals were 
found to.be made 'up of cells? 

• If you could examine all 
parts of plants and ^animals \ 
with a micrpscope/ what 
would you expect to find? 

• Do cells contain anything? 



• Do the' bodies which cells 
contain ever chanqe? 
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then you could be more ^cer tain , 
If they make such a suggestion, 

commend them for the ir good 

thinking . 

By. using such tests, scientists 
have actually demonstrated that 
during the ripening proces*s the 
starch- stored in the banana 
pulp cells is changed to sugar^ 
^he change is called digestion 
'and is brought about by the 
interaction of an enzyme with- 
starch wit^hin the banana cell. 
'This is but one examj^le of 
cells as functional units in 
living things . 



The Elodea I)eaf was 
made up cells. 



found 



to 



be 



Flower pe tals / and the stems, 
roots, and fruit and seed coat 
of ^plants were found to be. made 
upofcells. 



Human cheek ^Tls(i^iji;g. 



Cells 



Th^y saw green colored bodies 
in Elodea .leaf cells, and 
starch grai;is i^ banaiia cells. 

There was evidence that the 
s tar ch grains in unripe banana 
cells chanqe as the banana 
ripens . % 



^^^^ 

Minisequence I Assessment 

Screening Assessments . : • ' . 




All plants and animals^are made up' of cells. 

\ * ' • 

b. There may be different kinds of cells within the same'plant 
oranimal. 

\ 

c. Cells contain different substances within them which perform 
various functions. ^ 

In this Assessment^ there is only o^e Part, covering all 'three 
concepts. Distri^ii^te the two asses';^ment pag.es to the' phi Idre-n . 
Have them write their names in the ;appropria;ite place. ;|This 
assessment will take about S minuted. V- * ^ 

The assessment ^pages are in aiphabeiical order for an „^ntire 
Minisequence.- The letters, w^ich^agpear in the upper taught hand 
corner of each page, allow tne chil<|rerv to identify th^e, pa^ 
tliey are to^wdrk dn* at any given ti#e . The ^ifetters .aiWo permit 
you to maintain the correct order i'rf ^col la tirig the pagis The 
pages may be collated in groups, Pa^t 1,'Par't 2, e to- -^some times 
the chi Idrep ^ appreciate the change pace afforded by collect- 
ing one set o£ papers and passings oij^ the next. The pages may 
also be distributed as a com^l^>te s^t for the Mi ni" s eque n^ce . 



In the assessments, suggested ins trUctions ' to ^a,d to the 
children appear in capital letters, as do the problems them-r 
selves. After distributing the assessment page s , * read" ^the in- 
structions and then the problems, one by one, together' with the 
possible responses. The children should read the pifoblems a.long 
with you, silently, and then circle the letter of , the best re- 
'sponse. They 'should be encodragecj to thin<k out their responses 
and not to guess. 

We -haVe trie^ ^o *use language at the^. I'eyel suggested in the Activ 
ities* themselves. I-nr-^ome problems, however, a chilc^ may ask 
for the meaning of a paHTicular word-. if, in your judgment, your 
answer would provide' the answer to the problem, you Should de- 
cline, considering that he or she does not know the concept being 
assessed. ^If you can answerfthe chil4 simply, without disclosing 
the answer to the 'problem itself, you may do. so. As a general 
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rule, you should ask the child to respond stating what he^or'she 
thinks the word means.* 



Page A 



Ask the children \^ turrf to pa%e A. 



1. IF YOU EXAMINE -A THIl5 SLICE OF AN APH^E AND THE LEAF OF'AN 
APPLE TREE UNDER A MICROSCOPE, YOU^OULB fIND THAT- THEY ARE BOTH 
MADE UP OF ' ' ■ 



A. ^ STARCH. 

B. "CELLS. ' 

C. GREEN PARTICLES^. 



2. WHENTpU STUDY THE CELLS FROM TWO DIFFERENf^ARTS OF A PLANT, 
YOU WILL PROBABLY FIND TH^ THE CELLS' ' P 

A. DIFFER IN SIZE AND SHAPE. "^^ ' ' * 

B. HAVE J'HE &AME SIZE AND SHAPE. 

C. ARt NOT AT ALL ALIKE. ^ ^ 



CELLS WITHIN THE SAME PART OF A LEAF- ^ 

A. ALWAYS LOOK E}fACTLY*THE SAME. * ^ ^ . 

B. ' HAVE MANY DIFFE-RENT SIZES AND SHAPES. 

C. USUALLY LOOK A LITTLE DIFFERENT FROM EACH OTHER. 




^ CELLS ARE 



A. LARGER THAN MOLECULES.- 

B. SMALLER THAN -MOLECULES. . 

C. THE SAME SIZE AS. MOLECULES. 



CELLS jCAN be FOUND 

A. pNLY AS -PARTS OF. PLANT'S. 

B. ONLY AS PARTS OF ANIMALS. - 

C. AS PARTS OF BOTH PLANTS AND ANI-MALS . 
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Page B ' i' ' . ' 

NOW TURN TO PAGET B\ ^ ' ' ^' . 

<» « ' 

6. THE CELLS IN A LEAP ^ * * 
'A. ARE THE SMALLEST PARTICLES IN THE PLANT. 

B. MA-^HAVE SMALLER PARTICLES WITHIN THEM. 
■C. HAVE THE SAME SIZE AND .SHAPE. ' 

7. IF YOU LOOK§f) AT 'POTATO AND BANANA CELLS UNDER A MICROSCOPE, 
YOU WOULD FIND THAT 

A. THBY ^RE EXACTLY THE SAME ' BECAUSE BOTH CONTAIN STARCHY 

B. THEY LOOK VERY DIFFERENT BECAUSE THEY COME FROM QUITE 
DIFFERENT PLANTS. * 

C. THEY ARE ALIKE IN HAVING WALLS SEPARATING THEM AND-' 
MATERIAL INSIDE THEM. 

8. PHILIP FOUND A L01?lG>VVERY THIN THREADLIKE PIECE OF GREEN ^ 
'MATERIAL IN A S/^PLE OF WATER HE HAD TAKEN FROM A POND, SJNCE 

i IT WAS GREEN HE THOUfeHT THAT IT MIGHT BE SOME KIND OF A PLi\NT. 

HIS FRIENDS SUGGESTED THE FOI^LOWING AS THINGS HE MIGHT'^DO TO:. 

'FJ^OUT, FOR SURE. WHJCH'ONE DO YOU CONSIDER TO BE THE BEST \ 
SUGGESTI0^^2-^ ^ ftfm^ 

A. USE A MICROSCOPE^ TO FIND 'OUT IF IT HAS LEAVER THAT^CAN^ 
BE ,USED TO MANUFACTURE THE FOOD IT NEEDS. ^ - ' 

B. USE A MICROSCOPEL^Tp FIND OUT IF IT HAS ROOTS THAT CAN BE 
^ U^ED TO TAKE IN THE ^A^^ER IT NEEJDS. 

C. USE^A MICROSCOPE TO-FiND OUT IF IT IS MADE UP OF CELLS 
CLEARLY .SEPARATED/BY CELL WALLS. • ^ 

9. IN ANIMAL, CELLS ARE 

. A. Mi^Y DIFFERENT SHAPES AND SIZES. * , 

B. ALIKE IN THAT THEY HAVE A WALL AND MATERIAL INSIDE. 

C. BOTH A AND B ARE TRUE. 
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Name* 



Page 



1. , IF YOU BXAMINE A THIN SLICED OF AN APPLE AND THE LEAF OF AN APPLE 
TREE UNDER | MICROSCOPE, tod WOULD FIND THAT THEY ARE BOTH MADE UP OF 

i • < . ' 

A. STA|CH. I 

B . - CELis . " J ^ ■ • 

' ^ ! .- - • , 

C. GREEN PARTICLES* > 



2. WHEN YOU. STUDY THE CELLS FROM TWO DIFFERENT PARTS OF A PLANT, . YOU 
WILL PROBABLY FIND THAT THE CELLS' ♦ ■ n ■ > 

A. DIFFER IN SIZE AJfD SHAPE. 

B. ,HAVE THE SAME SIZE AND SHAPE. 



C. ARE NOT AT ALL ALIKE. 

CELLS WITHIN THE SAME PART' OF A LEAF 

A. ALWAYS LOOK EXACTLY THE SAME.' ' , ■ 

B. HAVE many" DIFFERENT SIZES AND SHAPES., 

C. USUALLY LOOK A LITTLE DIFFERENT , FROM EACH OTHER, 



J 



CELLS ARE 

A. LARGER THAN MOLECULES. 

B. SMALLER THAN MOLECULES. 

C. THE SAME SIZE AS MOLECULES. 

CELLS CAN BE FOUND 

A. ONLY AS PARTS OF PLANTS. 

B. ONLY AS PARTS OF ANIMALS.' 

C. AS PARTS OF BOTH PLANTS AND ANIMALS. 
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Page .B 



6 . - THE CELLS IN A LEAF " * . ' , * , 

A. ARE THE SMALLEST PA^TICLES* IN THE PLANT. , <• 

B. , MAY HAVE SMALLER PARTICLES WITHIN THEM. 
* C.j-^^HAVE THE SAME SIZE AND SHAPE. 

» 

7. IF YOU LOOKED AT POTATO AND BANANA CELLS UNDER A MICROSCOt.E , YOU 
WOULD FIND THAT \ ' " ' \ ^ * ' 

A. THEY ARE EXACTLY THE SAME BECAUSE BOTH CONTAIN^ STARCH . 

B. THEY^LOOK VERY DIFFERENT BECAUSE THEY COl^E FROM QUITE DIFFE- 
RENT PLANTS. ' ' 

C. THEY ARE ALIKE IN HAVING WALLS SEPARATING THEM AND MATERIAL PN- 
SIDE' THEM. • • 



8^. PHILIP FOUND A LONG, VERY THIN THREADLIKE PIECE OF GREEN MATERIAL 
IN SAMPLE OF WATER HE HAD TAKEN FROM A POND. 'siNCE IT WAS GREEN 
HETcHOUGHT that it MIGHT BE SOME KIND OF A PLANT. HIS FRIENDS SUG- 
GESTED THE^^J^OLLOWING AS THINGS HE MIGHT DO TO FIND OUT FOR SURE* 
WHICH^ONE DO YOU CONSIDER TO BE THE , BEST SUGGESTION? 

A. USE A MICROSCOPE TO FIND^ OUT IF IT ^AS LEAVES THAT CAN BE ' 
USED TO, MANUFACTURE THE FOOD IT NEEDS. 

V 

B. USE -A MICROSCOPE 1?0 FIND OUT IF IT HAS ROOTS THAT 'CAN BE U$ED ^ 
*T0 TAKE IN THE WATER IT NEEDS. ' • 

. C. USE A MICROSCOPE fo FIND OUT IF^ IT IS MADE UP OF CELLS CLEARLY 
SEPARATED BY CELL WALLS. ^ ' . - 



^. ^ IN AN ANIMAL, CELLS ARE 

A*. MANY 'DIFFERENT SHAPES AND SIZES, 



B. ALIKE IN THAT THEY HAVE A WALL AND MATERIAL INSIDE. , 

C. BOTH A AND B ARE TRUE. 
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Minisequence II Doing Some Work 



1 . • ' 

;The concept of energy was first developed Minisequence V in 
iGrade 3 in the form of heat energy, and extended ir^ Grade 4 
' (Minisequences II hnd III), where the idea of conservation of 
he at energy was introduced. The- present Mini sequence further 
extends the concept of energy to include another common form ~- 
utechanxcal energy and 'develops another, related concep.t: 
work\ , ^ • ' , . ' 

1 ^ . ^ ^. 

It may be helpful to consider the following examjile showing th^e 
rel ations Kip between work and energy in a practical situation. 
Consider a rubber ball, initially lying on the floor, that is. 
lifted to a table top. Work must be done .to lif^ the ball, A 
force equal to its wej.ght must be applied to lift the ball and 
ti^is force acts through a distance equal to the height of the 
t4ble. The actual amount of work done is the product of the 
fcirce and the distance, and the ball is said to have an amount 
of*i energy when on the ta&le -~ potential energy .equal t<p the 
work odone to pXace it there. The ball is "potentially" able to 
dolwork, for 'example , by allowing it to fall to the floor while 
attached by a string to another object, causing the latter to 
move hence the term pote-ntial energy, ^he energy that the 
baiil ha^ in this case is sometimes called gravitational potential 
ene>rgy because the force, causing* it to fall to the floor is the 
gravitational pull of the Earth, 

Suppose the ball is allowed to fall freely. As it falli^ it (picks 
.up ^peed; some of it^ potential energy,, or energy of position, is 
converted to another form of mechanical energy kinetic energy, 
or ene»rgy of motion. These are the two forms of mechanical 
energy: potential and kinetic. Before the ball begins to^ f^.^11' 
it has Qnly potential energy. At 'any point in its fall it has . 
both potential and Itinetic energy, and if we apply the conserva^ 
tion of energy principle, their sum must be equal ,to the original 
potential energy of the b^all t provided no energy ^^as escaped from 
the sys^^^ in some either form. When -the ball striked the floor,, 
all of v€§ potential energy is converted to 'kinetic eneVgy • A 
split second later, when i,t is momen tar'ily motionless, its kinet- 
ic .energy is zero. All the energy has now gone into *<ft)ing -some 
work', namely, compressing the ball. When compressed,, the ball 
has elastv^io energy^ similar to a stretched rubber band, which is 
converted backrto kinetic and potential energy as it rebounds, 
and the entire process is then repeated, - " » *v 

If, at any time after the ball is dropped, aii in,ventory is taken " 
of its various forms of energy, i,e,, potential, kinetic, anki 
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elastic , .these should add up to the original gravitational en- 
ergy, assuming the conservation principle holds, and the ball 

^should continue bouncing forever. But this does not happen, aT 
we know. Hpw do we account for the fact that a bouncing ball 
never returns, to its original height and, in fact, eventually 
loses all^ its energy to come to rest on the floor? The answer 
' is 'that we have neglected to take into account the heat energy 
that" is produced. Each tiTne the ball strike^^he floor, part 
of 'its energy goes into heating the ball (and surroundings) 
because compressing it causes internal friction, in the rubber. 
Unfortunately, this form of eiiergy cannot be fully transformed 

•back into the kinetic energy of the ball. Hence, the ball, 
gradually loses a^l its energy in the form of heat and comes 
to rest. ,Howe^^^, if the heat energy were included in the 
calculation 'we would find that the total energy of the system 
remains constant and equal to the initial gravitational energy. 
That is, the total energy is conserved. The questio.n of energy 
c6n.versdons will be dealt -with in Minisequence V. 

o 

The first Activity of this seque'nce has the children observing 
the speed of a marble, rel^eased from different heights on an 
^incline, as it rolls off the bottom of the incline. The rela- 
tive speeds associated with different heights are inferred from 
the distances that the marble rolls along the ground after leav- 
ing the incline. While energy is not discii^^d in thp<? Ac t i vi t y 
its purpose is to lay the groundwork for subsequent Activities 
relating work and mechanical energy. The children also have an^ 
opportunity to observe variability in this Activity. They find 
that even when a marble is released from the same position on 
an incline it does not always roll the same distance. From 
their data they can see that repeating the same experiment 
still gives rise to. an "error" of measurement. The reason, of • 
oourse, is that it is impossible to precisely duplicate two 
measurements . 

The second" Activity extends the concept of moving ^object (a. 
marble) to include what it can c^^o by virtue of its motio^n. 
^ Again, an incline is used, but as the marble leaves the ramp- 
it is caught by an object (a small "sded"), to' which it'^trans-.' 
fers its momentum, causing the sled to move. iVhi^le agasLn 
mention is made of energy, th^ children find that the dii 
the sled moves is related, at least qualitatively, to tbe,^ 
o f the marble . 

Activity 3 -introduces the^notion of mechanical work, defining it 
as the product of force and ^di s tance^ The children lift weights 
(books)* to different heights, nbting qualitatively that it is 
harder to lift several books than^one", and harder to lift any 
object to a greater^ •he igh t than a lesser one. With these ob- 
servations one readily concludes that work is related bjbth to 
weight (force) and ^dis^ance and that* the relationship is the 
product Qf the two. The product is introduced in* a graphical 
manner, similar -to that used in developing the concept of af , 




\ 
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heat energy unit (h.e.u.) in Grade 4. There, the variables 
were volume and temperature; rather than force arvd distance, 
but the graphical interpretation is the same. The children 
also find that an unbalanced force is needed to move an object, 
or to k-eep it moving on a surface be^'cause of frictional effects. 

All the obserJvat ions of the first three Activities are* brought 
together in Activity 4, where the children find that the amount 
of wcrk • a ,moving marble" can do,, as measured by the distance it 
causes a' sled to move, is related both to the speed and the 
weight (mass i vene.ss ) of the marble . Thus the conce'pt of kinetic 
energy (energy of mo-tion) is introduced on a semiquantitative 
level. The children compare the work done by marbles of dif- 
ferent size moving with different speeds, ^ ' 
f 

The final Activity completes the cycle by introducing the con- 
cept of gravitational potential^ energy. The children fi^rst 
relate the potential energy (energy of -position) of a marble at 
any point on the incline to the work required to lift it to 
that position. Then, as the marble rolljs down the incline and 
this energy is con^verted first to kinetic, and finally to work 
done in moving the sled, the children realize the interconver- 
sion of work and mechanical energy. They also realize that the 
conversion is not complete that some of the energy probabXy 
is converted to heat as the marble roll's down the incline, and 
as the sled slides and finally come's to rest. 
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Activity 1 ^ A Rolling Marble 



The first Activity introduces children to the characteristic 
behavior of a rolling marble. They. observe that the faster a 
marble* roLls down an incline, the farther' it can move when it 
r^achesr .the bottom. -They also discover that the hei'qht of the ' 
incline determines the speed at which the^marble rolls, off the 
ramp. ^ ' 

• 

In gathering^their data on the distance the marble rolls, the 
children are introduced to the idea that variability not only 
occurs in measuring a property of a number of. objects in a ' 
group, but is also exhibited ^ when one repeats measurements of 
the same property.* This variability inevitably enters into all 
such measurements and should be exp^ected. It is caused by the 
fact that when making "repeated measurements of the same event-- 
in this*cas§', measu^enjent of the distance rolled by a marble-- 
since one cannot repr;Oduce exactly the conditions of the measure- 
ment, the children ^/re led to understand ttiat tl^e average of 
several- measur emjents of the property is the best value to reportv 

MATERIALS AND EQUIPMENT: - 

each team of two children you will need: 
2 rulers, 30-cm, with groove, inflexible 



4 equal-feized ob ject^s about' 2 cm high, such as paperbound ""f 
*'bpoks, matcli boxes, etc' ' ' ^ ' < ,^ 
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1 meter' Stick, or dther long measuring device^ with mm 
markings ^ ' 

2 marbles, 3/4-in. or 5/8-in. diameter, glass 

2 /towels, or strips of wool or felt cloth (if the^floor is 
not .carpete^) . 

1 Worksheet II-l, . * 



PREPARATION F.GR TEACHING: 

Be sure there is enough rdom on the floor for each pair of .chil-v 
dren to perform the experiment. If the floor is not carpeted^, 

' • ; • / 



I* ' 'MINI^E^fjENQE II/A^tivity 



a textured s^urface can be provided by giving each team -^a piece 
of wool.or xf^lt .cloth, or a towel. Have the other mate-^ials 
available f^jx each teanj ^to help itself. You may want t^o dupli- 
cate adiditidnal copies of Worksheet II-l, which will also be 
used irv Act3,^ity 2. ' ' ' ; f 



.ALLOCATION OF TIME; 



The children will need- about 1-1/2 hours for this Activity. 



tea'cThiing sequence 



1. Place a marble on a desk 
or table in., full view of the 
children. 

• How can the marble be made 
to roll? 

A child mayj respond that you 
have • to push i t . 

• What is a push, really?' 



\ 



Suggest that one of the chil- 
dren try_ different ways to 
get' the marble to roll. 



Now 



lift t^: 



it drop 

ri this case? 



marble and let 



• ^y does the marble move 
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In discussion, try to**elicit 
the idea tihat a force (inter- 
action) has to be applied to 
get the marble to move; ' 

In Grade 3, the childjren were 
exposed to Activities involvihg 
objects subjectied to balanco^ 
forces. When jforces are bal- 
anced, or when there are no 
forces, ^the objects do not 
move . ... 



He or she mi ghf^f' flack 
one* do^s in play\ing ma 
Relate ^^the 
a force . 



as' 



flick to applying 



A gravitational force is acting 
pn it.' The a.ttr^ction betwe-en 
the Earth ah'd th^ marble causes 
""the marble- to move towards the 
Earth. ' In Grade 3 of COPES, 
the children ' learned' that wJiat- 
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MINISEQUENCE II/Activity 1 



TEACHING SEQUENCE 



^hat'is this force called? 



Nojw set up a ruler to serve 
as;^a ramp for the marble. 
Support one end the ruler 
on a book, box,^ or other such 
ob^ject. Hold a marble near 
tK^^top of t;^e ruler-ramp and 
then release it\ 

• What happens? 



What causes the marble to 
move do^n the ramp? 



What fatf:tors do you think 
de termiiie • how ♦f ar the marble 
can roll? 



Have each 
ma te r ial s 
set-up . 



child pick up the 
for a marble-rQpll 



While tKe children investigate 
this set-up, ask how, they* 
would go about determining 
the effect of the ramp height - 
' (o3p .ingl ination) on the 'dis- 
tance *a marble would roll. 
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we mean by the weight of an 
object is the gravitational 
force acting on it. 

The ruler should have a central 
grooVe running along its length 
to 'serve as a channel for the 
marble to run down. Many rul- 
ers have this feature. 



The matble will roll down and 
continue to move across the 
carpet .or cloth. ^ 



Be supre the children recognize 
that Vhe gravitational force 
inte rac ti,ng with the marble , 
causes it to move^ down the 
r amp . ; ^ < ^ 

Encourage them* to consider dif- 
ferent factors. On e< factor 
that might be suggested is the 
type of surface that the marble 
rolls onto'. Some children may* 
want to demonstrate this by 
letting the marble roll on'to 
a smooth, surface and then onto* 
the carpeting. Another factor 
might be the position from 
which the^marble is released. 
Both of these are pertinent 
f*actors--or variable s. 

Be sure, the s>et-up includes a 
ruler r a marble*/ ^nd two equal- 
sized supports such as paper- 
bound books, m^tch boxes, etc. 
Thesize bf the support should 
be such als to keep the upper 
end G^f the *ruler at a height 
of' about ^2 cm . ' 



TEACHING SEQUENCE 



Eventually, the children 
should suggest rolling two 
marbles down s^par'ate ramps 
supported at two- different - ' 
heights. Thus two separate 
sets of data would be collect- 
ed on the distances the - 
marbles rolled . 



Suggest that two children 
share the equipment for this 
bbservation. They should set 
up the two ramps side side. 
One ruler can be supported' on 
the edge of one box (or Y>opk) 
and the second rul^er on Wo or 
three boxes. The ^children 
will then be ready to rel/ease 
similar marbles from eacn ramp 
and observe their behavior. 
In-order to c<^Ppar e ^th^r^wo , 
be sure they recjogniz^e that 
each ramp must be the satne 
length and eath" marble must ' 
be yrei^^ased from the same . 
spot. 
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The reLease <>f the marble can ^ 
be conveniently controlle^d if 
they take a car'd Ce.g*, 3 5 ) 
hold it at a specific line of 
the ruler, and place •the mar- 
ble behind the card. When " 
they raise the card 'quickly, 
the marble will roll down the 
ramp . » ♦ 
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.COMMENTARY 



^Equally valid would_be a sug-' 
gestion that the- same ramp set- 
up be supgo^ed first at' one 
height and then* at another. 
However,. one of the purposiss 
of this Activity j.s to provide 
children with the opportunity 
(later on) to compare the 

^ speeds of the marbles when re- 
leas ed from two different^ 
heights For such a comparis on , 
two marbles must be released 
simul taneousjLy on the two 
ramps . N> 



The ramp's should be situated 
close to 6ne another. 



Although each , ruler is the same 
length, the te ams may have th em 
extending beyond the boxes to 
different degrees so that the 
ramps are of different lengths. 
To control this* varia^ble, the 
children should suggest sup- 
porting each ruler at the same 
position on its bo,x, e.g., by' 
using one 'of thie inch or centi- 
^meter m^rks as a^ guide . 



Have theini practice \:his release, 
It .allows them to release the*" 
marble from the sjSame ptace and' 
In the^same way. .An inadver- 
tent push b^ the "child is thti's^ 
avoided . . * ' ^ 



MINISEQUENCE II/Activity 1 



TEACHING SEQUENCE 



./a. 



The surface onto which th^e 
marble roltls should be tex-. 
'tured clotfh. Some cJ.assrooms 
are carpeted and this is 
ideal . 
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If the floo-r is smooth tile, 
or linoleum, they will quickly 
see that the^m^rble rolls for 
a considerable y^ist an ce be fore 
stopping. If there i^ no car- 
peting, felt pads or pieces of 
wool cloth will substitute. 
Even a- l>ath tow-el can be used, 
but. be sure that creases do 
not interfere with the roll'. 





How is the distance 
maxbles roll to^ be ^ 
measured ? 



the 



•V 



This question, ^hould be thor- 
oughly discussed. If there > 
are sufficient meter sticks, 
each team could placj^ one be- 
,tween the. ramps so that tfie 
end marked z^ero is on a -line 
with the lower end of t^he - 
ramps/ but not interfering. with 
the exiting- marbles. If meter 
s tic^s are not avai lable , the 
children could place *a tooth- 
pick or pencil point to mark 
1;he positioyn of the front of 
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TEACHING SEQUENCE 



J- 



f 



4 



Once the children have per- 
fected t,heir skill at releas- 
ing the marbles and measuring 
the distances tolled, have the 
teams qollect data on the dis- 
tance the marbles roll in 
millimeters. Each child can 
carefully release the -marble 
n his or, her ramp artd mark 
here it lands. The distance 
the marble rolled for t^^t 
height can then be measured. 
This should be repeated three 
times by each child and re- 
corded on Worksheet II-l. 
(Both children in *the team 
can record^ the data on the 
same Worksheet.) 



4 

eWmd 



After th*is set of data 

has been colleolBd, ask the 
following questions: 

f 

• Is* the height from which 
the marble is released a 
fact*or in determining hoU 
far th^ marble will .roll? 



• , ' COMM^^NTARY . , 

the marble when it comes to 
res t . (The diameter of the 
marbles may range from 16 mm 
to 25 mm, so an error may be 
introduced if'care is not taken 
to measure from the same point* 
of the resting marble. each 
time.) 'The distance from the 
end of the* ramp to the marker- 
could then he m;easured, for 
instance, with several^^rulers . 
touching end to end. 



In Grade 4 , children were in- 
troducfed to measuring l^ngths^ 
in millime te,rs . Xf-your chil- 
dren need practice, review the 
scale with them and have them 
measure several leng'ths. You 
may want to look a€ the Grade 4 
Activity, "HoW Long is Four1:'h 
Grader's Finger?" 



I 



On the Workshjget the height of 
the ramp coiild be recorded as 
1,2 or 3 book' or box units. 

As each marble is rolled, b^ 
*sure. the^ markers do not inter- 
fere, if they are bfeing-used. 
.It is bettfer to measure ecich 
rol 1 immediate ly and then re- 
m.Qve 'the marker^ 



There should ba.,^»^neral agree- 
ment that the marbles released 
€rom ^ position at the top -of 
two or )4iree' supports rolled 
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MINISEQUENCE II/Activity 1 



TfeACHJNG SEQUENib'E 



• Was there a difference in 
how fast each marble went 
down the ramp? Which. o|je 
arrived at the ramp exit 



first? 



> 



Next, ask a 
with a ramp 
box whether 
resulted in 
measurement 



child who worked 
he.ight of only, onB 
the three rolls v 
the' same distance 
Then ask' the 
same question of a^ child who 
released the marble from a 
higher positio^n. 



S 



• what could Account for dif- 
^ ferences in measurements 
of the same eventT? 



COMMENTARY 



farther than the marbles re- 
leased from a position at the 
top of only one support. 

The marbles rel^eased from the j 
ruler ^supported by more than 
One book or box came down much 
faster. Ho.wever, some children 
may not have noticed the^ dif^- r 
'ference in speed and <nay be 
uncertain about which marble - 
moved fas ter--e specially if 
the marbles ^were not released 
simultaneous ly/. 



There will be considerable 
variation in meas urement s * even 
for a given height". A marble 
does not r^epeat its behavior 
^yen ulider what appear to be 
the ?ame experimental condi- 
*tions. Starting^n Grade 3 
^and extifending into Grade 4 , 
the COPES curriculum deals * 
extensively with describing 
meiJ^ureme At^ which -exhibit * 
variabiirty--^but in connection 
witly separate but similar' ^"^ 
objicts.^ Here, for- tJie first' ' 
time, the var-iations are in 
repeated measurements of th.e 
same event . , » 

Some children ma^^ think that 
the differences aire due tp a' 
failure to releasee the marble - 
from "exactly-" th"^ same posi-* * 
tion each ti^me and to read the' 
distance traveled from "exact*- 
ly" the same posi-tion on the 
marble when it catne to rest," ^ 
and t*he like. They may Vant to 
repeat the experiit^ent , 'being., 
"mor^caref ul " a,S' to how they 
release, the marble, 'and how 
they measure the ^^istance. 
They ma-y *alSo want* to ^make sure 
the set-pp.is the. same in of 



MINISEQUENCE' II/Activity 1 



TEACHING SEQUENCE 



What ^factors ^^iS(^^u try 

to keep the s a'me ?^^bi scuss 
these with the class and 
list them on the board^^ 



2, At this point,, if the ' 
children haVe not already 
done so, you might suggest 
that they roll tl^e marbles in 
the paired ramp set-ups three 
more times' tcv see if, for a 
given position, they can get 
the same mea.surement each . 
time. The childr,en shoul'd 
also look for any differejice 
in thfe speed , of. the" inajjbles 
a^s they roll down the ramps ^ 
in tfle twt> set-ups. Thus, 

^they s^hould- release the maij- 

'bXes sipiiulta-neously . 

The chilc^ren -can n'ow proceed 
to s.et upi the equipment again 
and roll the marbles three 



more time s . 
suits can ^ Be 
Worksheet' II-l 



Again, the rer 
reicorded on 



'• Was there a di'ffeirence in ^ 
^ how fast each marble went 
^ * dowri the ramp? Which one 
r 'a^rrived at the bottom of 
'the ramp first? ^ 

At this point you. might intro- 
duce the, term speed. Which 
refers to the rate of tra v«e 1 :* 
a faster ihovi-ng object is mov- 
ing with" greater, speed. Speed 



COMMENTARY 



respects each time. i 
These factors should incl{id,e 



1 . 



2 . 



4 



the elevation o^ the 
ruler- ramp ; " , ^ 

the position from which ^> 
the marble is released; 

how it is released (no 
extra he^p by anything but 
gravitational a t^tr action); 



4. the surface'o'n Which the 
marble rolls . 



\ . ■ 

lencjfe has 



Experiende has shown that 
interested children will often 
devise elaborate pracedures to 
.ensure ob'taining the^ same/re- 
sults the^ second time around. 



TThi^ time the children should 
bfi sure that the- marble re- 
' leased %rom the greater heighvt- 
' went down the tamp ^ast^l. 



The -term sp^ed should not be 
nev^ to many children--speed- 
o-meters in cars, indifca'te if a 

^caj: ife moving slow or fast. ' 

^,H6w,eVer, :^liis is the]first- real 



.MINISEQUENCE II/Activity 1 



TEACHING ^^QUENCE 



^ can be determined by measuring 
the distance -traveled in a 
unit of time. 



• Did ^ou obtain the same 
measurements for a given 
position* this time"? 



Indicate to the children that 
variabi-lity" inevitably enters? ' 
in.to measurements of repeated 
-events. It is. to be, expected 
^and depenj^s partly on the 
units us.ed. It also depends 
on the^set-up and o,n the man- 
ner of taking the. reading. 
Sometimes with greater experi- 
ence one can minimize the 
variations but there may be 
thing^s about the marble, or 
ruler, or carpeting, that 
always cause at least slightly 
different results to" be 
obtained . 



COMMENTARY 



intrpducJtion the children have 
hadxjto tlfe 'concept of rate. 
Thus, you may have to help them 
to ^realize that if thfe ,time i« 

, shorter--f or^ tiie marble arriv- 
ing at the r^amp exit first-- 
that marble could actually have 
moved a greater distance in a 
unit of time as compared w-ith 
the slower marble. If this 
seems too drfficult for the 
children ^(that is, the concept 
of dividing distance by. time), 
then merely refer to the mar- 
ble which moves faster (^ts 
down the ramp first) and that 

^which moves slower. 

Although the results may vary 
somewhat less than 'they did 
previous ly-«that is, the range 
may have narrowed-- th^re will 
still be a noticeable variation 
in the measurements. ^ 



Fqr instance, if the measure-^^ 
ments had been made , in centi- 
meters, much\ le^s variation 
^wo-uld have been apparent. Re- 
sults appearing as 308, *321, 
and 315 in mm' would have read 
31, -3*2, arid 32 in^^cm. In 
Grade 4, variations in finger 
lengths became apparent only 
when measured in mm, not in 
cm . ' 

The details of complex event's' . 
cannot be reprbduced in^:^uc- 
cessive repetitions. Encourage 
the children to accept such 
var i ation*s--wi th the idea bha t 
tfiey should ,try,.to minimize 
them. 



/ 
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MINISEQUENCE Il/Activity' 1 



TEACHING SEQUENCE 



Is 
9f 



there any 
the three 
rect? Which 



one measurement 
wh i ch i s cor- ' 
one shpuld you 
report for your findings? . 



If no child suggests taking an 
average of the three measure- 
ments, you may have Jto . They . 
ay ♦use whatever teqhniqu^e i,s 
am-iliar, to them to find the 
ave^rage and record it' in the ' 
f6urth column .on the Worksheet 
(The fifth colUmn will be used 
in a subsequent Activity.) ' i 
Below i§.a set of 'data col- 
lected by on'e team of c'hj.ldren 
the secofid time they did the 
irtarble roll . ^ • ~ : 



COMMENTARY 



No single measurement is the 
"correct" one. In previous 
Grades, children were intro- 
duced to the concept that 
•when describing such measure- 
ments, an average value is a 
good estimate of the like*\y 
result 'bf another trial. The 
sapie appli,es to the collectidn 
of measurements each team has 

made here . ^ 
t 

In Grade 3 of COPES , children 
were introduced to averaging 
by "evening off"^a bar graph 
representing the '"data; in 
Gracfe 4, th^y f<pund averages 
by "piling-in" squares on a 
frequency distribution histo- 
gram. If they are familiar . 
with arithmetic averaging 
(adding the measurement^' and 
dividi-n.g by the. number of 
them), this method may alSo 
be -used . ^ 



1. RAMP 
POSITION 


' 2 . RELATIVE 
SPEED OF MARBLE 


3 . 


DIS*] 


CANCE (mm) 


4, AVERAGE 
DISTANCE (mm) 


TRIAL 1 


TRIAL 2 


TRIAL 3 


^1 ^ b o X 


s 1 oweu: 


523 


529 ' 
t 


541 * 


* 531 


2^ box 


f a*s t e r \ 
^ ' ' \ 


873 


886 


888 


882 ' 



With each child reportin^a 
singl-e v'alue--the average 
their measurements-- f ocus 
.thei r* at tent ion again on a 
-cdmparispn of the distances 
the marbles traveled when 
released from. different 



posi t ions 
r 



4 



In thik coni:luding discus^ioh 
be sure that the children Are 
aware of the direct relation- 
ship between* the marble's* 



In^the sample -dafa just qiven,^ 
a marble* traveled an average ^ 

■of, 531 mm from ^m elevation of' 
one book; the same size marble ^ 

' travelled an ayerage of 882 mm' 
from an elevation* af two- books 
in the same kind ""o.f set-up. 
The marble' released from" the 
greater elevation again trav- 
eled fart^he'r*. ^, 



MINISEQUENCE' II/Activity 1 



TEACHING SEQUENCE 

speed as it leaves the ramp, 
and the distance it/ travels 
along the floor. H^lp them 
to understand th^t the marble 
.which leaves t^e ramp with 
the greatest speed t^^ravels 
the farthest . 



EXTENDED EXPERIENCE; 



'^commIentary 



Some children may be . intere s ted in in ves t igat^ing other proper- 
ties of these ramp-marble systems. ► Although Si f f^erent-size 
marbles are not called for in t^ijs Ac tivity T^acause they^would 
not^ add. to the concept development, somje children may b'e curious 
to see how larger (or smaller) marbles behave. If thev take 
two similar marbles (but of different size) and obsef-^^ 'how 
long it takes each to travel down the ramp when released 
simultaneously, they wi 1 1 ^d i s co ve r that the marbles agriv^ at 
the bottom at ^the sanTe time! There is not much difference in 
how far the marbles travel either. This phenomenon will be 
touched on. brief ly in Activity 4. 




■J 



s ■ 
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Activity 2 ^ What Can a Rolling Martile Do ' / * 



In this Activity.,^^an object is placedv in- the path' of the- ro-llr""' 
ing marbled The' marble collides with)*ahd^ is <^pti;red by.:th^ 
object — a^mall cX2p-sied--which *then .ipoves, along -a\ coinpara'tiveT:y 
smooth surface. A^ain a 1 though . the ,-a'is tahce^/'th^t this <>jDject. 
can be moved are much snvall'er than th<5^e mQv,e'd b^f ; the £^i^e^ y . -/ 
moving marble (as in Activitiy ;)/*th.e children Sin^^^liTt ^the.' 
greater- the^ speed* o'f the marble when it leaVes.the r'amp;, the / 
gre^ater the distance^ the cup-sled can , be jnnoved . ^h is Jtc t i v it:y 
prepares them for the i<^e a which is introduced in Activity* 4 
that a property of a 'tnovNing object;- called kinetic energy deter-- 
mines how far another obj^-ee-t it ^collides -with ck'n he moved.. 



MATERIALS A^D EQUIPMENT 



For each team of two children you'^will need? 



1 marble, 3/4-ih-i^ or ' S/S-^in . diameter ./glass.' / ^ ^\ : ^ 
1* ramp set-up fTom^ctlvii ty 1 .xncltidi^ng books Vr boxe^*- 



2 rulers, 3(^-cm (i'2-ih.V. (with ^m-'xirarkiri-gs) ' 
1 cup% r-o^, waxed 'paper o.ri^'pl^sticr-''^ - > .1 

■ / ^ ^ ; 

1 piece of cardboar4^ slightlly wi^'dr. tlian.^*the< ->l-oz - cUp^ 
and about l^^^ag^ain as- long^ '/ - , •* ' 

1 ^ piece/of plasti:cen.e..6r rnqdel^-fig claiYr /aboi^ff the size), 
of a Imarble • f ' . ' \ . . , ' - 

• supply Qf smooth t^a^is / g v > I'Magi'b-mending*/ . 

♦ t ^ . * ' ' '• 

1 Worksh^Q: TI-1 ^ ' ' . ' :^ ^' 

You will also need: ' / ' • .«^*' / ; -"^^ 

. ^ - an -extra l-o2.,cup, piece • of^ cardboard , .and piece'.of 
pl'asticene ' • ' V ' 

' ' . ^ • > • * . * fr^'^'lx ' * . 

'''*''','» 

♦ • • , ji? • • . ' 

PREPARATIQN FOR TEACHING': ' * • ' * v; 

A sample cup-sled should be made ahea.d of .claS^- tifoe : /f^irst,^ 





MINISEQUENCE Il/i^ctivi'ty 2 



pa-rt of the rim should be trimmed so 
near oite end of the apiece of cardboard, 
Then attach the *cup with pieces of tape which 



dif ied : 
fCrmly 



the cup must' jDe m 
that the cup sits 
without, rolling, 
adhere' to the upper s^urface of 
clay inside the cup near- the 
opening. The clay should pro- 
vide^a' sm'alT mound over Whic*^i 
the entering nfarble will roll 
and which will .then- preven't 
it from rolling back out ,of 
the cup. The c^ay should be 
about 1/4 in. thick. The 
rejnainder of the^clay c^n^be 
pressed onto the bottom of 
the cup (on the inside), so* 
as to cause tbe marble to 
stick there when it enters. 
• (This will prevent energy ^ , \ 
los&es resulting from the 
marble bouncing around in 
the cup.) Finally^, put sjeveral 
tape on the bottom surface of the cardboard. ■ 
should he placed on the cardboard ; next to one 
not ov^erlap. The tape acts as *a i^ubr4.cant so 
move very easily acr/?ls a smooth surface. The 
completed assembly. ' , <> ^ ' 



.the cardboar^l . -Press a ^Jiece of 




strips of the 



"Magic- Mending" c , 
These pieces 
another arid should 
that the sleci can 
sketch shows the 



ERIC 



It is a^ssumed that ti^^e teams^will make their bwn/cup sled^. If 

this is too time consuming' for the cl^ss or^is not feasijDle for 

other' reasons , the cup-sleds will have'.€o be prepared ahead of' 

time. Ih that cas,e, a sample sled is not jjeeded. ^ . . • . 

Have the supply of ' mate rial s r^adi'ly 'av.ailabJLe fdr\-vtHe children 
to* help themselves. * Each team should pick' up the tamp s6\-up ^' 
it used in 'Activity 1, including ^ev^eral boxes-. Th^ cup-sled • 
and ramp set-ups will also be used/in subsequent Activities/ ^ . 



ALLOCATION OF TIME: 



0 



One hoMr, at most, will be needed loir. this Activity. 

/4 



•TEACHING SEQUENCE ' " - 

■ \ ■ ' ■ 

1.^ Show "^he class your Siamprle 
cup-rsled'. / 

♦ What would you have do 
to 'the cup-sled in order 



to get it to move"^ 

in 



• COMMENTARY' 




JUst as with the/marble, a 
push with the hand or a pull 
by a rulSh^er band or str.iftg can 
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TEACHING SEQUENCE- 



Tell the children that instea^_^ 
of -^letting the marble roll 
alorrg the carpet (or cJ.oth) , 
as they did in the first Ac.- 
iivity, you would like to try 
using this 'cup jto "capture" ' 
it. • 

• If the rolling marbl^ were 
captured by the tup-sled, 
what do you think would 
happen?' 

• what ^might *ha^pen if the 
marble were going at greaterr 
speed?. How* could you fiaiJ 
out? ' , 



Have each ^t 



pLik up the 



equipme.n^t to irfake^a cup-sled. 
Ini" addition; ^lave^ th^m pi'ck 

^up two 4xtra |:ule1:s. dnd possi-r, 
^^iiL^a c^rd to^ he<L]^in releas- 

. ing the^marbl^ and in rjeading^ 
distancf^s.. Then Save them 
set up a raihp; The ramp ' 
should 'be on a smq'oth surface 
tli^is ^im%--a--work f tables desk./ 
or-*tile floor 'wi2,K be fine. 



The two .jBxtra rulejrs should 
be place*d on' tihe t^ble dujr'face 
with th^ "zerql*' end r^ight at ' 
^the base of th^e ramp. Pi^ce 
therulers far enough apart 
so that -the sljed is free to 
moXJS^, between ^em, and ta^e 
them in ^p'ositibn o^ji ,the table. 
"'The two rrulers serve .to guid'e 
t^he sled and .to. measure dis- 
tances. 



MINISEQUENCE II/Activlty 2 



C'OMMEN^TARY 



get it td move.. 



i 



The children will probably 
respond that ,the cup would be 
moved along! ^ Some migl^t ^think 
that^ the cupY'sJLed and rjfiarble 
will stop. 



•Hope f ul ly , the 
be made that the 



igge s tion 



will 
rampS: be set 
up at. different heights, and^ 
the marbles allowed. to roil 
into the, cups. The children 
have foukd that they can ob- 
tain greater s-peed of the^ 
marble by\releasing it from a ' 
higher position. 



Only one^ ramp is nee<|e'ci' for 
cach'pair of children^since the 
marbles need not be re;l eased 
simultaneously from th^e di'f- ^ 
f erent" pos itions - 



v^ii 



The v^i^tances* moved by the sledf 
wall depend on the sliding 
friction between, its boftom ' 
surface "^^tnd thg table tpp. It 
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TEACHING SEQUENCE 



The children can begin fcy 
^.investigating ' the ;behavi6r of 
the marble as it coll^ides with 
the c^up-sled. Let them prac- 
tice how to measure the dis- 
tance the sled moves after 
each collision. 



Each team should now release 
its marble~-ih a controlTed 
fashion as they did in Activ- ) 
•ity l-~capture i\ tn^ the sled" 
'Whic>k,JLs placed at the bottoiti 
of the ramp and measure the 
distance that the sled with 
dts captured marble slides. . 

Have them repeat the colMsion 
three times and ente'r the 
dis.tances on a copy of Work- 
sheet "I.I- 1 . 

• Ar this particular ramp 
position, does the sle^ * 
move about thd^ same dis- 
tance when the releasedflg|^ 
marblfe collides with^ itr\ 

' ArB» t-he data " reproducible 



WINISEQUENC]? II/Activity 2 



J- 

COMMENTARY 



is unli'kely that the distances 
will exceed 200 mm^ so it w^.4ri"'y 
not be nece^ssary bo* use meter , 
^t icks . 



\ 



Since they are interested in 
measuring thd distance moved 
by the sled pnd' captijuteii mar- 
ble, they mi|s t dec id/ to have 
a definite part of tfiie card- < 
board at the zero position of 
the guide rulers be f oLr e colli- 
sioB and then u§e tha^*^%^me 
part of the" cardboard tontea^ure 
its. position after it stops 
sliding.^ Th'e front edge of. the 
s"led i3 a good referlnc,e point 
since it is aligned^ with the* , 
end of- the ramp be'fore col'li- 
sion. * Having ^the card p^rpe^n- 
dicUlar to the rul^r^ will fnake • 
measuring the distance ^(i'^ mm)^ 
easier .-^ ^ ^ 



\ 



Again, the -results of th^three 
trials will not be exactly^ the 
Vsame. However, they shToul 
Tall within a reproducible, 
range . ^ 
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MINISEQUENCE "II|Activity 2 



TEACHING *1SEQ&ENC 



J * 



The results of \he three tiNlaTs 
should b^averaged, as befoise 
in order to provide the best 
singj^e valu-e to report for 
their findings . 



•'Predict how far the sled 
will go if the marble has 
more spie6d? > ( 




How can you 
more speed? 



gis/e the jnAble 



^hpuld'now stack 



Eafeh team 

twclP^o^es' aird set. the sled at 
the ba^exof'the ramp supported 
on these boxes. ^Be sure the 
two measuring -guide rulers are 
'in-line with the sled,, as in 
the previous part of the ex- 
periment. *ReLease th§ same 



marble 
in the* 



again and 
cup-sled . 



capture it 




the collision three 
entering each distance 
-Worksheet. Calculate 



average distance 



t r a Iv e 1 e d 



Now support the ramp on three 
bo^es and repeat the experi- 
ment. 



resulting 



^ • How does the 

of^ the marSle^compare w 
that of the one releasee 

^/^from a single box? 



hildre'n should erit^ 
distances <h the 
t and agarn c% 
age d^istance. 
ar^i^hown be'lov 



jpeed 
.th 





/ 

r 





.c 



If the children are skilled in 
arith/metic averaging , have them 
calculate the average by that 
method. If not/ use ei th'^r of 
the graphical methods referre,d 
to.inif^ctivityl. 

Idtpn "will probably pre- 
'ct thNat the sled and captured 
ma-rble wi.ll move' farther, but 
th-ey probably will be , unsure how 
much farther/. 'v^ 

Raise the ramp./ Do not encour-^ 
age the children to give the 
marble a push by hand since t\ 
would be v^ry difficult to 
repeat on successive trials. 





^0 




The marbU e mo 
greater spe^ 
<if it^h re.e - b 




xes 



es with much 
from a heig^Jrt: 

4 
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TEACHING SEQUENCE 
. & 



COMMENTARY 



1 . RAMP , ' 
PO ^ T T T ON 


2. RELATIVE 

^ cj Cj u \j r /A r\. Ij Xj Hi 


.3, 


DISTANCE (mm) 


4, AVERAGE 
ui/oiAiNCCi vmm/ 


TRIAE 1 TRIAL 2 TRIAL 3 


ly box unit 


^ slowest 


25 . 




25 


25 


2 box units 

— 


faster 


J. 
i 42 




' . 45 ' 


4 6 «iri 


3 b&x units 


• fastest 


4 


61 


§5^ 


62 / 


• 63 



\ 



• what inferences can be ma,de 
fromt the 'data that your * 
gathered?^ How is the speed 
of the marble related to 
the heigh/t of the ramp? 



\ 



By the C^onclusioh of this Ac- 
^tivity, the chi 1 dren i shoul d . 
realize that: 

1) Releasi.ng.a marble- from a 
higher position re.sults in 
the marble having greater 
speed as it leaves the ramp 
,than one released from a 
lower position. - 



As before, the actual value of 
the -height as not important to 
this di sous sion-r only th*at 
there^re definite increments 
from which the .marbl^ was re- 
leased--and that eap^h ciew 
height corresponded 'to an 
increase rin the distance the 
sleS moved; ' ' ^ 

The Worksheets cojnpleted in 
1;his Activity should be* saved* 
for references in \A9tivity 4 • 



2)^A marbl'e moving with'mo^e 
speed will roll freely ^ 
greater distance. ' 




3) A marble moving wipm more 
speed will cause aif ot>ject 
it struLkes to move farther. 
The greater* fts speed, the . 
greatel" the di standee- it can 
roo V e Ijheobject. ^ , 



r 
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MINISEQUENCE II/Activity 2 



EXTENDED EXPERIENCES:/ • ^ ^ , . 

1. After tbe children have observed and recorded /the effect of 
the interaction ' of the moving marble and, the cup-s>lfed, a coor~ 
dina-te graph of the collected data could be made. Have, the 
chil-drer? plot the variable which is* being Qianipulated--that i-s , 
the ramp pasition-^as iiriits on the vertical axis and plot the 
average distance the cup sled-.mov^d on tfie horizontal axis* *^ 
Th^n, as they-did in Grade 4 Activities, ha-ve 'them dra'w the best 



trend , line throifgh the data poi'nts ; ^This line will. show visually 
that as the ramp position is made steeper, *the distance moved 
increases. /Such visual r epre sen ta t ion s. ar e always helpful in 
reinforcing/ the relationship between the vari'abl-es . 

2. ^ Those children interested in collecting more dafa^can stack 
additional boxes. (02; books) of the same size, thus making even 
highe^ ramps. ' They can then determine how much "Jarther "tshe 
weighted sled-cup will move as the marble comes down with evei\ * 
greater speeds.* . ' ' * ^ 
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Activity 3 WhatlslWork"? 



4 > 



/ 



It is in this Activity, as children try to analyze^ what is hap- 
pening ^s the cup-sled, and captured marble are moved' along t^e 
table surf ace , that, an operational definition of work is intro- 
duced. Although the term work is familiar to children, it is 
used colloquially in arvery loose sense. The aint of thds Activ 
ity is to he^lp^ t^em d e vseXo p ^ a n unde rss ta'ndijarg of wo-rk^ .asl the 
product of .a -force ac ti ng through a ^distance. ^ • * \ ^* 

The children observe *that the cup-sled ca'nnot-move across'the 
table without .applying som^ force to it, The force neede.d to 
move the object 'is gireat^r -rf Tirt' i-S" made heavier CTf if it is'~^" 

.plac^ed- on' a , rougher surface. They then pr5>c^ed ^ to^ analyze 
simple "^situations "^where forces are^being applied' against t^iat 
of gravity i-n order to lift objects. They will Be-.helped to 
realrtze that in lifting one book--which can be considered -one 
"boojc .force unit"- — through two units of distance they will t>e 
djji-ng twice* as much work ^s in lifting the book through p«e 
distance unit. In addition, they will develop a ."Jeel'\ for the 
idea that- if two (or three) boqks are .lifted, it ^aJ^es twice 

^or three tir^i^s) as much work to move' them through the same 
dis-ferance as a single 'book. In other' word's, both forge j[F) arid 
distance (d1 determine the amount of work do^e . The product, 
F X D,vi^ intrjoduced gra*phically in a m.anner similar to. the -X 
product of volume and temperature in Grade 4; thus work unit^ . 
(w.u.) ate introduced h^re just as heat' energy units (h'.e.ni.) : 
were, introduced in Grade 4. 

MAT.EF:^ALS^ AND EQUIPMENT ' ' ^ ^ ^ 

For each gjoup of two or more children: 

6 boaks^ paperback, all similar, or boxes" e.g., food 
' boxes, match boxes, or similar magazines, erasers, 
etc. , to provide unit increm^ents of weidfht ' ' 

1 scale, spring, 0-500 g capf^reity _ . 

- . ' { J 

3-4 uniform stacJcable cardboard boxes, blocks, a bookcase, 
steps, etc., to provide unit increments of height" 

■ ' graph paper, . ; _ ' 

84 - ■» ■ . ' 



the cup-sj.ed from ActivStty marble , ' 
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MINISEQUENCE II/Activity 3 



) « . , 

Por the class : 

i 
i 

supply of strin^^^^r^ubber bands 
• wastebaske^t^ and severa[l7 heavy books ^ 

f * , • 

PREPARATION FOR TEACHING: 

tJo prepar^tiofi for teaching is necessary, other than assembling 
the materiaiys. 

■ 4 ; 

ALLOCATION OF TIME: ' • ^ /. 

This Activity will probably take about -J.7I/2 hourp depending 
,Upoji how much time must be spent 'on graph-ical product calcula- 
tions . • ' • * ^ 



TEACHING SEQUENCE 

1. Have the children t.ak^ ^ 
'out th'e cup- sle^ds,' and place 
a marbO-ey ir^side- the cup. They 
shouldi then" push the sleds 
parallel to the table top. 
Help them to recognize *that a 
force Imust applied coiv»- 
stantliy to k&ep this object 



movingl. Ur^less -they c^ntinue^ 



to p u s^h , 



move 




e^sled will 



not 



What do yoii think migh^' be 
keeping the object from, 
moving, by itself? 



The children should come up 
w'ith t]ie idea that the sur-- , 
faces feeem tp have something 
to do witfh the force needed 
to pusl) an abject alon^»; Let 
them try to-'push the/s^d 
(with its marble) along'^t^he 
table 1;op and then along a 



COMMENTARY 



/ 



A resisting force m^ust be-^ oyer 
come to get the sled tp ^mo ve 
.They might suggest that ^.thfere 
is some^ interaction (an at,trac 
tion) between the^ object and 
the su2*fac^ it is pft'which-.^ 
prevents it from moving iDy 
itself . , . ; 

. In' order to emphasize th*is 
point/ some children might 
consider' the .ef^E^t on the cup 
sled's abili'^ty to slid4 if the 
"ftiagi c ^mendi ng " tape" W^ere not 
on the bottom of the caWboard 



Use carpeting or 



cloth 



used'" in 



MINISEQUENCB -II/Activi'ty 3 



TEACHING SEQUENCE 



rC>ug}>er surface. 

•> • 

• How does the ampunt of 

* force necessary to nn^ve 
the sled^differ on rough 
and ^smooth surf aces? 



• Wjiat else might * Effect th( 
amount of force needed to 
move the sled? ^ , 

Suggest that they load, the 
sled with addition'al marbl'es 
try push ing it*. * 



and 



•'Is it easier o 
move the sle3 



harder* to 
w? 



Now distribute ,the , sax equal-^ 
•sized books they ar.e bo^work 
with. Ask «the children' to 
5ush on«e book, -then two hooks ^ 
(one. on top of the other), and 
the.n three book*s across the " 
surface of th^table. f 

4; 

• How does^the f^rce-^require^i^^ 
to push a>ne boak pomp are. 
with tjiat require(3'to push 
two bboks^ or thre^ books? 

^ose you wanted to lift " x 
bobks? 'V/hat v/ould^you 
have to do? 




COMMEN.TARY 



AcJti vi ty 1 . -i ' 

A 'grea'ter' force Is needled to' 
move#the' sled, along the rougher 
s:iirface Hxe'cause the.*amount of 
friction is greater.. , .Although 
the word friction may be famil- 
iar to everyone/ thWy ma^ not 
think ^f it as a force. "As 
described in Activity '2, help 
them'to unde rstand." tha t ^,t is ^ 
friction between ,the sled and 
the under lying-^'urf ace which 
produces 'a force on .the/cup- 
5led^-and, in fact, it^is this 
frictional force whicfh must be 
overcome in order to, 'keep tlie 
sled moving . -tha^ is What 
they felt as they pushed with ' 
thejbj?- hands.'. ' , 



Someone may suggest thaf »the 
we i<5||t of the sled might be^ 
'a°factor. 



Probably <t'he re spon^ ' w/i 1 i be ^ 
that it appf^ajrs^ IjL^ar^r'.to move 
it. It re<^uires' n)ore cff ^ 



push--that ^s , -morti ^force . 



A greater- force is required to 
pusb^ two boQj^s than to push' 
one and s^iH greater to push 
three. booR>s tha'n to pjQsh'two. 

Again, a fOrc^^would have, to^be 
:^ppliejd--in thi^ case>^ to bvef^ 
come' the gravitational for'be or 
weight.. 



MINIS,EQUE;NCE II/Aptivity 3 



TEACHING SEQUENCE 

Have them tie together two of 
the books and then three. 



COMMENTARY 



The illusti-ation indicates how 
to tie across the books^n two 
directions so the string ' 
'doesn't slip and e-ach set of 
books can be li'fted as a unit. 
Two rubber bands can substitute 
for the string, one across the 
width, th^ other across the 
length . 



> 






Have the children lift each 
set o'f^books by the string. 
Wh^t sensations 'do they feel? 
^ there any difference 
the J:hree sets? 



among* 



Referring now to the weight of 
each set of books, have the 
children suspend them from the 
spring scales one after the 
other. 



• Wjiat is the difference in 
the amount of extension of 
the scale produced by each 
. set? 

•While each set* i§ being 
lifted, does the ambunt^of 
lifting force change.? 



They will feel a pulling against 
their fingers, .with the set of 
three books exerting the" 
greatest pull and th*e Ingle 
book exerting the least. 

At this ^oint somef^qhildren 
surely will men tipnf ^the. weight 
of'-^the books. ' Review with them 
the concept, developed in Grade 
3, that weight is a measure of 
the gravitational force on an 
ob j ec t . . « 



They may waht to read ofjf the 
weight in grams for 'each set 
of books . . » 



If there appeaifs^ to be any 
doubt that it does not, have 
them slowly lift the single* 
book ^with th6 scale. -As the.y 
lift, the reading on the scale 
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MINISEQU^CE II/Activity 3 



•TEACHING SEQUENCE 



Now have thd children' remove 
the spring scale and suspend 
the single book from their 
hands by the ^string alone. 
Ask them how much for.ce is ^ 
now supporting the bbok . Sug- 
gest that this amoun^t. of force 
Jye considered one "book force 
unit*'. (Whatever the^ scale 
may have read, the liftin'g 
force could also;be expressed" 
in these units.) 





If orye book > force un-it- is 
needed to lift one book, how 
many/ would be needed to lift 
the /two books?.- How many 

.d „be needed t.o^lift th^ * 
books? 



■98 



COMMENTARY 



remains the, same. If the pull 
down on the scale is' the same, 
then the force necessary tb 
overcome it mu^t also continue 
to 'be the same. If they jerk 
the book up. the reading will . 
change, but not if .they raise 
.it .s lowly . . \ ^ ' ' 



\ ■ 



'The children should realize 
that the value of the force 
required to lift the book' is 
the same whether the scale is 
still equivalent t*o the weight 
of the book.- For those who do 
not realize this, a chalkboard 
diagram like the one shown- here 
may be he Ipf lil . 



The "book force unit" is in- 
Vented here to simplify later 
calculations. * Express.ing 
weight in this fashion, the 
childrexi should' readily see 
that two .book force units would 
be n.eecjed to lift two of these 
similar size books and ^three 



MINISEQUENCE II/Activity 3 



TEACffl^G SEQUENCE 



2. • At this-point, you might 
expand the focus of the dis- 
6ussion to include distance: 
Ask the children' to lift the 
single book to a height o.f 
2 or*3 cm. Then ask them to 
lift it w^y up, po.ssibly 
twenty ti-mes as hig'h.' 

• What .'dif f etence do you feel? 

If no one uses th^ term "work" 
in comparing the lifting of 



tjae book, introduce 
in the discussion. 



the term 



Distribute wha-tever you, are 
using to serve as increments 
of hei'ght, Hav'e them lift the 
single book up to the level 
of, say, the top of one in- 
verted cardboard box. Refer 
to ^t'his height as one 'distance 
unit and Jbo tb© operation as 
"the 'Work of lifting the book 
one dis.tance 'unit," As they 
do this, -emphasize that dis- 
tance as well as force .can 
be i]^easured in arbi'trjiry. ' 



units 



Now have them lift the same 
book. 'from "the floor to the "top 
of two stac'ked cardboard . 
boxes. ,Ask them to c'otnj)are 



ERJC 



.COMMENTARY 



book force units wo^uld be 
needed to lift three of them, 



The children sh,o\ild notice that 
it i s ^ *"harde;r " to lift the book 
to a greater height, even* 
thou;?h the force required is 
the same , In o'ther words , it 
takes more u^or/c to lift> the 
same book higher. 

To emphas ize this idea, you 
may find it desirable to have ' 
c^n^ or'two of>^th^ chi'^ldren also- 
comj5are the sensatipn. of lift- 
ing a wastebasket partly filled 
with heavy books through a . 
relatively short distatice, for^ 
instance, onto a chair, with 
that of lifting the same 
wastebasket up to the table 
top,^ . " ' • * 



J 




The' children sho■uld^iDe aware ^ 
that it seems to take niore work 
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MINISEQUENCE IlVActivity 3 



/ 



7 ^ 



T^ACHINKS SEQUENCE 



the amountjs. of work done in 
lifting the bobJc two* distance 
units and in lifting ^it one 
distance unit:. 

.•Although the force is the 
s^me i% both ca^jes, how * 
much more work is -done 
' wheji the book is lifted 
two* distance units? 

* » 

The children should 'repeat the 

'operation/ lifting thfe book' 
succiessively from tHe floor' 
up t\D e'ach distance Interval 
available. Again, 1:hey can 
estimate the^amount of worK, 
ineadrhcase*! 

Next^, ask the children to com- 
.pare the amou^nts of Work done 
i'a lifting one book aTid 'two 
books through one distance 
un 1 1 : 

/•Although the distance i^ 
the same in both* cases, 
/-which ^ask takes more work? 



How mijch force is reqjaired 
to lift the 'two books? 



.A 



ow do^s it compare with the 
amount of force necessary 
to lift one book? 



• How* much worJ^does it 'take 
to lift the two books to the 
first level as compared with 
the one bo6k ? 

• What if we lift it hjgher? 



COMMENTARY 



to lift. the book through the 
two distan'ce units . 



The^^ *may be able tb gu'es^ tha»t 
the* work would be doubled. At 
least', they will ^ind it con- 
'venient to think -of work this 
way . ^ - 



This activity and the discussion 
of it should help children ^to 
understand that more work is 
done in moving a heavier objec't 
a certain distance than to move 
anothe.r, lighter object through' " 
the, sameA distance . To reach 
this understanding .they will 
need to recognize/, of course, 
that/a larger force is needed, / 
to Tift the heavier object th'an ;* 
is needed* -to Lift fhe lighter ^' . 
one-. , ^ * ^ ^-• 



I 



A -force equal 
two book s , or 
units . 



to the weightvQf ' 



It takes twice as 'much force 



Since it takes twice the f or.ce , 
lifting it. the same distance . 
would 'talce twice the work. * 

H^lp them to pee that, lifting 
'this^ i'wo-bo'o.k unit will 'still 
require twice ^as much(work> as 
lifting a bne-booTc unTE through 
the same distance'. ^ v '* 



MINISEQUENCE II/Activity 3 



TEACHING SEQUENCE 



Do the \gaine with the three- 
book unit. 



/ 



3.* To introduce Sectio^n 3, 
you might pose' the following 
question: Suppose you lifted 
two books one unit of dis- 
tance. How would the amount 
of work you did compare with 
the amounit you woul>d do if ' 
you lifted one book t^v5^ dis- 
tance units? 



Suggest to the children that 
th-ey m^ght set up a graph t9 
repres^ent the force units 'and 
distance units. Perhaps* they 
could determine how much work 
is \3one in each case. ^ 



. Distribute t-he graph paper and 
have them draw two lines per- 
pe-ndiculaif to one another. 
Indicate •that one variable, 
distance,- can be represented 
by, unit values on the vertical 
\"axi"s.".' They should wr'ite 
"distance" on', the le'ft-'side ' 
of the graph and mark off unit 
distances at ^each line. Let 
each ^column going across from 

■ left t'o tight stand- for a unit 
of force and write ".force" 

■^along this axi^-. " They shbuld 



^ COMMENTARY 



The children , should b^ helped 
to rea^lize .that ^the lifting 
force is now three boo^c^ units 
and that three times as itjuch 
work would be done in Tifting 
them as. iS^ done* in lifting one 
book ^through the 'same d^-Stanise; 

By examining onfe factor at a 
•time, the .children should haye 
developed a '^feeling" that the 
amount of work done in lifting 
an bb^ect is r-eZa ted bpth 'to th 
force exerted to li'ft ^t and to 
the distance through which it 
is lifted . \ 



'1 



Some children may intuitively 
see^that the amoun t of work 
.would be the same. ' Others 
may be puzzled and unsure of 
how much work would be repre- 
sented in'each case. 



this point a gr,aphical 
is being introduced to 



At 
od 
inf or ce 
depends 



me t-h- 
re • 

the i'dea that work 
on the two factors, or. 



variables,, force and distance 
If yo^r children .are facile ii 
multiplication you can proc e.e d 
'quickly through this Section- 
See COPES Grade 4 matgrials 
for * experience in setting up 
graph s . 
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% - 



, TEACHING SEQUENCE 



enter a numeral standing fox 
oxte force uni^, two"" force 
units, etc., let each iine on 
the horizontal axis. 



Now ask 'them how they would 
represent the Case in'which 
twd bodks were lifted one 
distance unit': 



* How 'Would y'ou represent 
case 2--one book being - 
lifted two (^is^tance units? 



The two graphs would appear 
as ilTustrated below': ' 



CD 
U 



,5 
4 

CO 3 



1 2 3 

^ . force 



7^ 



r 



COMMENTARY 



.1 



Since the distance ife one unit, 
count up one space *and put a 
mark there; since* the force is ♦ 
two units', count oVer two spaces 
and put a mark there. Thus, in 
order to represent thi^s" first 
case, two squares should be 
siiaded. ^ , ' 

Here the representation would 
, be. 2' units higfi, but still only 
one unit vide' since the force 
•is only that of on^ book • 



CO 



TTTl 



force i 



What is tl:ie difference in 
J .the ifumber of squares shaded 
^ in on the two graphs? 



• In which • case was more work 
done? f . . ^ 



. As soon ^as 
> completed , 



the graphihgis, 
oper\ a class dis- 
cirssion by a*sking children^ to* 
>make and compare 'the g^raph^cal 
repres entcitiofis of several 
other, situations • In each 
.'*case, a pomparison of the'^num- 
bei; of squares' in the graph 
^should- be^made. For' instance, 
they might. grap,h "some or all 



Both graphs ^have. two squares 
shaded in. 



The same amount 
done in both ca 



work wa^ 
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MINISEQUENCE II/Activity^ 3 



V^EACHING SS£iU^ENCE 
of the >fol lowing : 





Distance Units 






2 


3 


2 


• . 4 


• 3 


1 


3 


.2 


' 3^ 


3 


3* 


4^ 



Some of th/d children ma^^ 
not^ice th^ ' similarity between 
•this type of graphical- , repre- 
sentation anS. that 5f the VT 
graphs they did in Grade 4. 
Most likely, they will want 
to name* the blocks on their 
graphs aW they did in the 
case of heat energy units. 
If they, do not Su^g'est the 
term, i^oric unit, intrAToduce 
it, ' , 



Now .ha^ve them compiare the ' 
couVt of '^hese squares, or 
work units, for several of 
the graphs. For instance:. 

• In lifting '2 books through 
2 distance units, how many 
squares are *on th'e graph? * 
(2) How many Work^ units 
does this represent? i2 
work units )' - / 

In lifting 2 boo^s through 3 
distance units, ,lrG>w many 
^square^ are- on the graph? 
" (6) How many work units * 
are represented? (6 work 
units) 

How does the work of lifting 
2 booJcs 3 distance uijits 
^compare with the work of,^ 



COMMENTARY 



Children should uncjerstand that 
count^ing the blocks on a graph , 
is a ^way of determining th^e 
amount of work ddne^'when a 
force moves an object. If they 
know "how m'any units of force 
are needed to move an- object 
and how many units of distance 
the' force moved i t , they caTi % 
measure the npmber o^f . work 
unit^ i^i the w^y ^that they 

found heat energ^wani ts\. ^ 

At some point,- the^'cbildren 
will recognize that work units 
determined by th^ graphs m'ay 
also be determined by an 
arithmetic multiplication of 
for<:e units and distan'ce unlts^ 
(F X D) . At that point, .they 
should^be encouraged to use ' 
whichever technique for calcu-- 
lating work units they prefer;. 



^Tphe three books are, of course 
heavier than two but the chil^ 
dren should count 6 work units 
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MINISEQUENCE I^/Activity 3- 



t, TEACHING SEQUENCE 



1 if ting 
units?. . 
lift? 



3 books 2 distartce 
Which is* heavier .to 



4.^ This Activity c^n be con- 
cluded -with two sinrple Ssamon- * 
strations. -:First, bring out 
the wasteba^ket, t'hls time 
filled with heavy books. ^ Have 
a child attempt 'to lift it, 
but be certain that it is so 
heavy that it will be .impossi- 
ble . ^^^^IT'Vhe'' class if they 
thijTK that the child is exert- 
ing a f orce . 

Now ask the qj[iildren to do a 
graphical calculation of the 
work done in tr.ying to lift 
the object. They will find 
that there are no distance 
units to plot, and therefore, 
no- work units can result. 



A se^cond dQ^mons tratioA' can-^be 
used to help determine -whether 
the children have grasped the 
meaning of. work. Give a 
crumpled sheet of paper to a 
child and ask him or her to ^ 
hold it at shoulder level. 
Have the child drop the paper 
from that height and ask the 
class if any work was done/as 
the paper dropped. 

The- question of what did the 
work should, be f^^Trsued. In 
this case, the work was done by 
the gravitational force pulling 
the .paper toward the Earth. 
*Thus, an i'nanimaJte age.ncy per^ 
94 f^rvied the work. 

: / • / /' 
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. . COMMENTARY 



in each Situation. Both took 
the same amount of work because 
thie lighter load was lifted 
'thrpugh a greater distance. 



Of course a 'force is being 
exerted, but they'shpuld note 
that 'the basket does not move 



Use this observat^ion as 4 basis 
for help^ing cfiildren to urrder- 
s.tan^ that a force mu^t move 
a-fi object through a distance 
for work to be done. in the 
me^chanical ser>se . One might 
say th'e child was applying a 
force in trying to .do work but 
that no work coiild be accom- 
plished, although he or she 
did expend "muscle energy''^ 
which would be tiring. 



Gravitational forc^was exerted* 
pn the paper as it feel tjirpugh^ 
a distance , thus nfeei:ing> the 
criterioji for work. * ' 

hildren initially may telnd/^to 
onsider .work only in terms of 
what they thems-elves do. They 
shoul'^ be led to realize that 
some* agency doe^ work each time 
a forte moves an object through 
a distance-. 



^^INISEQUENCE I I/Activity 4 



\ 



Activity 4 Kinetic Energy 



In this Activity, the 
a rolling marble can 
•the sled 



cpidlren dfscover that the amount of'work 
do on a slfed (a 3* -measured by the distance 



to the- sp^ed with "whi^ch the 
n but' als^'^to the m^ssi'v^ 



moves ) i s 
marble left the rampt^before 

that two marbles of different 
released ftom ramps- at the same height move down and off'^tHe 
jramps at about the s'ame speed. The; chi Idren ,m^ke 



related not only 
CO 1 li s i ^ 
ness of the ^marb'lef ^hey"' see 



sizes 



ime speed. Thej children ,m^ke comparative 
measurements of the relative atnount? of work these two* different 
•marbles can do on the* same sled.^ fA^fain they 'apply^ the idea of 
repeated m.eas urement s . to obtain ail average result which ^an then 
be used for calculations of wor^-^ Alth^gh they discovered in 
working 'with a single marble that i'ts speed determined how far * 
the cup-sled^ could be moved, now they will find that tlje heavier 
ma^rble altfibugh moving at the same speed can do inoVe work. Thus 
t^he ability to move the sled appears to depend* on two factors: 
the marbieVs speed and i'ts mass (or in th^if terms, its^weight)\ 
In this context, a ne\j property of a moving object is introduced: 
I'ts energy of motion- or kinetic . energy . 



MATERIALS 



AND 



For each group of two 



EQUIPMENT: 



/ 



more chi Idren : 



1 
1 

1 
1 



spring scale, 0-500 g capacity 

set of bo.oHs (1, 2, and 3 books) from the previous 'Acti- 
vity . ^ * ^ 



cup-sled * 
marble, 3/4 in** or 5/8-in. diameter 



1" marble, 1-in. diameter 



1 ramp set— up 

2 rulers, 30-cm (12-in) (with miiT marki-nqs ) 
supply of modeling clay or plasticene 

J supply of masking tape ^ , 

/ < • ■ 



\ 



ERIC 



10 



0 
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MlNISEQUJENCE II/Aotiviiy 4 



For the class 



.1 p'latform^ balance , e.g., Ohaus mode 1 .1 200 ^ (op t iona 1 ) 



PREPARATION FOR "yEACHI NG :^ 

No advance preparation is n"ecessary. 



•ALLOCATION OF TIME: 



r 



The children will need 'about 1-1/2 hours to complete this' Activ- 
ity. ' , ^ , ^ . 



TEACHING SEQUENCE 



1. You might begin the Activ- 
ity by askirjg the children 
what is b'eing done when the 
cup-sled and captured marble / 
are moved. along the table top. 

• How would 'you determine how 
much force is needed to mave 
an o^ect* across' the table' 
top? " - ; ' ' ^ 

Distribute the spring scales 
and sets of ^books and'suqgest 
that they use th^^^^^^g^^les to 
determine the amount of force 
-Tr&^essary to pull the books 
al-o-ng the table. 



• Does the am'ount of f,orce 
needed to move a given set of 
books change 'as they are 
moved alo.ng? 

• Could you measure the amount 
of force needed to move the 
cup-sled and marble along 

^ the 'table ,top? 

Have t-hem retrieve their cup- 
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COMMENTARY 



By now the children should be^ 
aware that worl^ is being done" 
wheTi the cup sled and m<arbl6'^ 
move along the table. A^force 
is acting through a distance. \ 



Som^^ children will probably sug 
gest using t^e spring scale. 



As before-, the spring sc^^les 
can be hooked onto'the _^string 
and wthe ajnount of eoctension re- 
corded in each case^ Th.e chil- 
dren should note that tHe force 
is much less th^n that req^ui^rfed 
to lift the books.* However, it 
st|ll takes noticeably more 
-force to pull two b6oks than 
one and^ three books"*than two. 

As before, the amount of ex-- 
tension remains con'stant, " 



lOd 



MINISEQUENCE'II/Activity 4 



TE'ACHING SEQUENCE 



sleds and marbles and push them 
^along vwith th*eir fin-<gers. 



Could you invent a unit to 
express the amount of forqe 
necessary to m'ove the cup- 
sled aryd marble? 



How could you determine the 
amount of work done on the 
sled as the marblws. collides 
with it? 



ERIC 



COMMENTARY , 



They should hiote thai: a .very 
sliqht force is required. In 
fact it^wou^ld yery' difficult 
to measure Lt wi trh th^^ ^spr i ng 
scries they have. Even if th^y 
a 1 1 a^c h' e d ^a ^^it^ h i n rubber band 4 nji 
measured "its ^tretch as a mea- 
sure' of tl>e firce needed to 
push the .sledf alfeng,, the force 
is too S'li-gVi/ to* be readily ob- 
served. (See Gr^de*3, Mini~ 
sequence II where the stretc'h 
pf rubber baads was u\sed, a"s a * 
measure^ of added force pn an 
object.) However, some* chil- 
dren may en'jqy tfying and they 
should be encouraged to do so. 



It may <«be 'expected that as a . 
r e s*u 1 1 of t h^i r exper.ibnce3 ^ 
with force unit3 in Activity 3,^ 
they will* suggest unit which ' 

/Will be defined as the a-mcunt 
of force necessary to move t;his 
particular sl^d -wi^tli* th'is parti- 
cular marble any distance along 

*the table., {They have already 
established with 'the books 'that 
the necessary', force ife constant 
regardless* of th^V^i stance . ) 
This Mnit might^e. called, a* 
"sliding-force unit." ^ 

Allow time 



discus^ 



for ca^reful 
'Sjon of this question. *The 
work is equal" to the, force 
times the distance the sl*ed 
moved. Since 'the foi^ce is 
constant as*. j^Jie' sled sli^des 
along the taBle, the work will 
depend only on .the distance- 
trxaveled. In relative terms, 
the work done for a s l^e'd moving 



20 mm I 
tw i'c e 
moved 



for example**, 



th at "done 
10 mtn. 



will 



be 



when rt is 



In terms of the unit the Chil- 
dren haVe just invented, the 
work done would be expressed as' 
1 sli'din^-force * unit times the 



10 
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MINISEQUENCE Il/Activity 4 



TEACHING SEQUENCE 



The 'children should' now re- 
tf"ieve ^the data they collected 
Qn Wor^s^eet 1 1 - 1 • i n Ac t i vi ty 
*2 . ^Have them examine the Workc- 
^sheet and, in the empty fifth 
cojiumn / enter tiie. amount o^, r 
work done -"by the marble wHen 
it collided with the^sled a.fter 
bfeing released from tt^e dif- ^■ 
ferent ramp heights: , * 



COMMENTARY 



distance in nvfn. 'Sinri::e the 
force has a 'numerical yalue of 
1 Xxi ^11 cases, the work done 
will* have the same numerical 
value as the distance. 



If the ch^ldV^ wish, a unit 
vadue can be given to -the Work 
done/ juSt as tliey^did in the 
case of the other unit-s/ ♦How-? 
^ver, this is not neces^^ry 
since the focus Will be oh com- 
paring the amount of work dbne< 

i 



^ 

1 . RAMP - ^ V 
POSI^a? I(^N 


2 .'RELATIVE 
SPEED OF ' * 
MARBLE 


DISTANCK (mm) , 




4 . AVERAGE 

distan<:e 

(mm ) 


c 

5 .WORK 
DONE 


TRIAL 1 


TRI'AL 2 


TRIAL 3 


1 bo5C unit 


Slowest 


2 5/ ^ 


2 4 


/ - 25 ^ 


' 25 


25 


2 box- units 


' fa^ster 


' . 4^2 ' 


50 • 


' 45 ' 


46 


• 4*6 


3" bax units 


.fastesjt 


61 ; 




62 


63 . 


63 

















•In wh^ch case wa"s the marble ;,• 
ab^e to db the greatest ' uj 
--a mount of work? - 



• Does, the' amount of work seem/ 
to be relatedvjtvo the^ speed of 

'\ the marble as. it left the / 
' ramp? ' , ; , i r 

• 2. »Now ' in tr oduc e the ^LaVgef* ' 
*l~inch marble. Distribute one 
*to each group of ^h^-ldr-^n anp 
as^k them if they thjink ,it-.woA|ld 
be a'bi^.^ to do more or less work 
in Slaving the slecj than* ^^^/, :* 
smalljsr marble. f * * • 

• You haye^found tha^^ the 
great^er the sp'e^d, the gite 
er the ^amount ' of work dor. 
Which marble do /ou^ think 



The marfe'le was. able to^ do the 
^greatest amount of work <when it^ 
was relea-sed from a po.s i.t ioji . a t 
the,..tpp Qf three 'box units. 

Yes the greater the speedy the 
\great6r the^amount <!>*f work done. 

Be' sure this .re 1^ ti*ORShip is 
/brought' put iri d i s cus s io n . 



At least s^me *eh\ldren .will 
•prbbabLy predict ' that the 
larget marble will be,abl'e to 
do more work . . 

' . 

Thos^e who did no^: investigate 
di f ferent^ sLz^d marb les as part 
e^Ex/t^nded* Experiences in 
i ty 1 "^may ha.ve var i e-d re 



of th 
A'c.ti vi ty 
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MINISEQUENCE II/Activi-ty 4 



TEACHING SEQUENCE 

' vrould.have the greatest 
speed at the bottom of the 
ramp? 

•How could you find out? 



Encourage them to set up the 
ramps, release *th^ marbles at. 
the same time, and see what 
happens . , . 



After having made what may be 
a surprising'-observation to 
them, ask the chi Idreh'* i f they 
think the Migger marble will 
be able to /do more^ work . in 
moving the sled. , ^ 



/ 



should 
ramp and 



To find out, they 

reinove the second 

aqaLxx set ud the t;w6 rulers 
'as measuring g»aid^s for the 
.cup-sled, which. should be 

r'eplaced* at the bo-ttom of the 

ram"p . 



COMMENTARY 



sponses but some chiTdren v/ill 
*expect' the lar|jer 'marble to 
get to the* bottom much faster. 

The ^hilaren should readily 
suggest set-ti<ig up paired 
rcrtnps as they, did in Activity 
1, but with b6th at the same 



height^ and releasing the 



different sized marbles 
mu 1 taneous ly . 



Both should^et to the bottom - 
of the ramp at ab'out *the same' 
hi me. Slight variations -in- 
speed may be observed:! but 
they are much less^ than any di. 
differences ip the time ^pf^ 
travel if the ramp were to 
b^^'^ifted higher, 'Some chil- 
dren may want to, try elevating 
one or Bo,th ramps. -Again ^they 
will find that the marble, 
rollj.ng down' the ramp'from ^ 
the higher pos i tixi^t-^ wi 1 1 reach 
tihe' t,ablQ' with the greater 
speed , • ' . 



is poVnt*, 



At this poYnt, the^ may be 
uasure «of their earlier pre- 
diction ^nd will' be anxious 
to try to fi>nd out wfiich mar- 
ble v/ill move the cup-sled 
farther. Since both jnarbles 
are landing, in the oup'with*-'^ 
the Same speed, som^- childi^en^ 
may now expect that the lar- "J^ 
gar marble wilL move the s\ed 
about the same distance. 



ey should be sure the front, 
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TEACHING S«QUENCe 



' Before- they release the larger 
marble, they should have the' 
data they collected with the 
s.maller marble available for 
comparison. Then they shauld 
release the larger one and 
measure the distance the sled 
is moved. . This distance will 
be much greater! 'Have them • 
repeat the/ collision a few 
more times, enter the data- on 

, the Worksheet, ^nd calculate 
'the aver age' dis tance moved by 
the, sled. 



What will happen i'^f you give 
this larger marble greater 
speed? Hav^' them predict ^ 
and then perfo'rm the^ experi- 
ment. \ Some, sample data are 
jgiven r>elow : ' 



MINISEDUENCE II/Activity 4 



3:^ 



COMMENTARY 



edge, o^ whatever measuring 
criterion they selected in 
Aqtivity 2 (e.g., a pencil 
mark on the cardboard) , is 
lined up with the start of the 
measuring^xulers . 

TP^ey may have i^o^'check the clay 
in the cup^sleds. 'If the speed 
of the marble is low and the 
cl^y is dry, the Garble may not 
stick when it hits. If this 
occurs^ simply imoisten the clay 
and reshape the little mound, in. 
the middle of tha cup to ensure 
capture "without bouncing. 



r 



The increase i^n Sp.eed, "of 
course, ca'n be accomplished by 



^releasing the marble from a 
hi^gher position, as they did 

'''Activi.ty 2 "with th^ smaller ^. 
marlile. 



m 



1 


RAMP 
POSITION 


2. RELATIVE SPEED 
OF MARBLE 


3 . DISTANCE (mm) 


4. Average 
Distance (mm) 


TRIAL 1 


TRIAL 2 


TRIAL 3 


1 


box unit 


{ ^ 

^ ^ slowes,t 




' 49 




53 


* 52 


/2 


box units 


faster 


113 


105 ^ 




107 


109 


3 


box units 


f as te s.t 


143 


145' , 




145 


* 145 



• What about the work which 
this larger marbl^e -can do 
compared wi-th the smaller 
one ? 

•Can the average distances^be 
compared in order to compare 
the wprk done -by the larger 
and' the smaller marble? * 



Both could move the sled, but 
one- more than the other. ' 



Discuss how they could de t er- 
mine the answer to/.tfiis ques- 
tion/ 



Xao- 
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MINt^EQUENCE I I /Activity 4 



TE-ACHIN6 SEQUENCE 

elp the children consider 
these questions, place two cup- 
sleds, on a table 1;op where 
thay can easily see them. 
Place ooe of the larger mar- . 

|bles* in one sled and one , of 
the sm#l ler' ones-^ in the other. 
Ask one'of the children to 

.push both. 



In order to compare work by 
comparing di Stance , ^ the force 
necessary to move the cup-sled 
and m'arble must be the same. 
Here t-he forces are not the 
same because the weights of 
the marbles are different. 
With the. two cup-sleds con- 
taining* their respective mar- 
bles still in front' of the - 
children ask how the weights 
of^the sleds could be made the 
s ame . 



COMMENTARY- 



The purpose of thi s little 
de 190ns tr^ti<2^n is to focus the 
children's 'attention on the 
fact that the sleds must re- 
quire different amounts of 
force to move them because the 
marhles. iryside are of two dif- - 
ferent sizes and weights. If» 
the .children don't bring up 
this" point, you may^have t^o.. 
Have several children cl>,eck the 
weights o^ the small and large * 
marbles. This can be done 
either' on a standard platform- 
type, balance or they can put 
sojne tape and then" string around 
the marbles and suspend them 
one at a time from their spring 
scales*. Let them figure out 
how to check the weights . A 
typical 5/8-in. marble was 
found to weigh 5.5 g. while a 
1-in. marble weighed 21 g. 



Encourage suggestions, /f^x^e 
children have an immedi(^te- in- 
sight that the weights coiild be 
made the sa^ie if a smaller mar- 
ble were .on t,he sled that the 
larger. marble enters and a lar- 
ger marbTe were on the sled tha4: 
the smaller.,, marble .enters . v 
That ^ay both sieds would be 
Qarry'ing .a we'^i^ght of , say , 
5.S g plus 21 g, 27 grams . 
If no one comes up with this* 
idea/ point out the -small ex- 
tension of the cardboard at^the 
back of the cup,, ^sk if another 
marble^ not the one <2olliding 
with the sled, could be placed 



Hi 
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MINISEQUENCE ll-/Activity 4 




TEACHING SEQUENCE 



ow^ ^at the sarhe 'ramp 
v^^them measure the 



position , 
dis tance 
the! sled can slide when the 
smaller marble rolls into it 
(while the large'r cne is at- 
tached) and then the distance 
the sled moyes when the larger 
marble rolls -into the cup 
(while the smaller one is at- 
tache^d) . 



Before continuing tO'^^ollect 
more data, on other ramp posi- 
tions, discuss the results ob- 
tained so far. 

• Which marble ,could do more 
work? 



• Which marble was going fast- 
er? 



Remin^ them , ^i f neces sary , ^tha t 
when tney increased speed, by 
lifting the rampv the m^rhjle 
was able to .do more work on 
the sled. But* right now, the 
speeds are the same. 

• What factor other than speed, 
them,^ seems to .determine how 
much work the rolling marble 
.can do? 



Help the children to recognize 
from the^ir data that the work 
each marble could afto seems to 
be a property of that spebific 
marble--that in one experiment 
its speedy seemed to determine^ 
how f^r the gled could move, 
but now,' of two marbles going 
at about the same speed, the ^ 



COMMENTARY 



there, and s o^. on . 

The oC4ier marbj.e can be placed 
anywhere on the sled, byt if it 
is^put inside the cup^, the roll 
ing marble can not entier easily 
Some children, may put the 
second marble'on top of ti?e 
cup* It can go an^^where as 
lon-g as i t \^ come s^ par t of the 
sled. They can use^a,small , 
pilece oT clay to make it^ stick. 



Keeping in mind that the foyce 
that must be overcome is .now 
the same, the distances the 
sled^ moved'indicate that the 
heavier marble could indeed do^ 
more work . ' 

% 

They saw that the speeds of the 
di^f f erent ,s4.ze marbles wer^ " 
ah^u t' the. same . 



The amount of matter in the 
marble. Here it was measured 
by both size and by weight-- 
a measure, of the gravitational 
force on the marble. 
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MINISEQUENCE II/Activity 4, 



TEACHING SEQUENCE 

' *' ■ ' . . 

heavier one could do.^more- work 
in pushing the sled. 



^3* NOW that they have seen: 
that the ^more jn:iassive marbl'e 
moves the sfed farther t^han 
the lighter one, wil^ this^, 
also be true if the marbles 
hit the sled 'with more speed? 

• How^-could you give the mar- 
bles more speed? • . ' 



• What^do ypu preddct abo^t 
the distance the sled will 
move if thd different size 
marbles are moving faster? 
Will the sled move farther 
if hit by a fasten, lighter 
marble or if moved by a slow- 

. er , heavier marble? 

Have them^ change the ramp posiV 
tion and repeat the , experiment 
they just did, comparing what 
each released marble coul.d do 
to the sled in different height 
positions. Some typical re- 
sults are given below. One 
team's data might be placed on 
the chalkboard- for purposes of 
subsequent discussion. - 



COMMENTARY 



Again , , th^y/ caii- make the 
bLes movje yfas.ter by rais 
ramp, i i e/ supporting i 
mote boxes (or books) . 




mar- ^ 
ing the 
t on 



As before, be sure in this com- 
pajrison, that the .control mar- ' 
ble 'is always! attached to 'the 
sled- -so thc^t the moving sled 
has two marbles on it, the one 
that rolled into it, and the 
one attached to it. 



All the ch4 Idre^n s'hould keep 
their data' for reference in 
A'ctivit^y 5 - [ 



'i\ramp 

WoSITION 


V 

MARBLE 


ROLLED 


MARBLE 
ATTACHED 


RELATIVE 


AVERAGE DISTANCE 
SLED MOVED (mm") 


WORK 
DONE 


1 box unit 
1 boxT unit 


5/8-in. 


(5. 5q) 


1-in. 


' Slowest 


3 . 


3 ; 


r-in. 


1 g) 


5/8-i^n. 


S lowe s t 


. 39 


'59 


1,2 box units 


5/8-in. 




1-iri. . 


Fas ter- 




9 


2^ box units 


1-in . 




5/8-in.\ 


ras ter* 


80' ^ 


80 


3 box U;nits 


5/8-in, 




Ir in • 


^•s test* 


' ■ , 15 


15 


3 box units 


1-in. ^ ' 




5/8-cn 


Fastest 


( 

115 , ■ 


115 - 
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MINISEQUENCE' II/Activ.i ty. 4 



J, 



•TEACHING SEQUENCE 



••What experimental conditions 
produced the most amount of 
Work? 'What produced the 
least amount of work? 



• What ' two f*actor-s seem to^ 
/determine how much work a 
""vjnoying object like the mar- 
bre^ can do? ' 

' ' ^ •■ ' . 

Now introduce th^ term .energy 
^nto the discussion. The 
ability of a moving, obj ect to 
do work is the result of its 
"energy of nvotion . " 'The fast- 
er and heavier the^Voving ob- 
ject i^ , the more energy of 
motion it has and the more 
work it«ca^ do.* 



At this point, you might re- 
turn to the data on- the chalk- 
board and ask the children 
_wbich marble had the most 
kinetic energy be f or e /co 1 1 i d- , 
ing. Which had the least? 
This information might be 
added to the table. 



A 



COMMEIITARY 



\ 



The ^fegei;', heavier marble re- 
leaseoTfrbm the 3-bo;c;ramp posi-^ 
tion did^.the most wor/c; the 
smaller, lighter ^marble r'^lea^^d 
f|:om the 1-box r5mp p<!>siti6n 
fid the least work'. 



Both its speed and how massive 
an object is--a heavier obje^ct 
can do more work< than a lighter 
on^ even when jDQth are moving 
at the same speed. 

For instance, .ycu might- say 
that the lairger marble* was able 
to do more work in moving the 
sled because -it possessed more 
energy. The scientific term is 
kine,tic energy--from a Greek 
word meaniqg motion. Use the 
term ki'netdc energy inter- 
changeably wi±h energy of -mo- 
tion in subsequent discussions. 

•In:, the case of the results 
shown on page .103 , the heavier 
maarble released from a height 
of 3k boxes had- the most kinetic 
e^riej;^gy apd the lighter marble 
released from 1 box had the 
least* • / 

Some children might be interest- 
ed in rank ordering the relative 
kinetic energies: . 



WORK DONE 



39 
9 
80 
15 
1^5 



RELATIVE KINHTIC 
^ ENERGY 



1 (least) 

4 

2 

5 

3 

6 (greatest ) 



O ' X04 

ERIC 
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Mlt^ISEQUENCE II/Activity 4. 



TEACHING SEQUENCE' 



All these' experiences should 
help children come to an 

understanding that the kinetic 
energy of a moving object, 
that is, its ability to do 
\^ork,. incr eas e s with the mas- 
siveness of the object and 
with its speed. 



COMMENTARY 

-% 

r 

Note: There is an implication 
in this *^Activity that the kine 
tic energy, for which the chil 
dren are developing an under- 
standing, is equal to the work 
done on ,the cup-sled. This is 
not exactly true. Some of the 
kinetic energy of the^ rolling 
marble? is lost as heat when it 
hits the clay in the cup . V . 



TENDED EXPERIENCES 



1. Some children may wish. to investiga 
by lifting the xamp to higher positions 
greater exit speed. in .addition, some 

'the effect of changing the surfaces in 
it moves^ This can be done e^ither by c 
face of the sled (removing the tape ox 
with some graphite) or by letting the s 

;Other th^n the table top.*' If sb , they 
fact that the torce needed to moye the 
f erenti ^ . ' - • 



te this behavior further 
, thuB., giving the marbles 
may want' to ijivestigate 
contact with *the sled .as 
hanging the bottom sur- 
imp roving lubrication 
led move on" a surface 
should be alerte^d to ,the* 
sled will now be dif~ 



It will require a greater foi^de to* move the sled if there is. 
greater ftiction^al force iDetween it and'the ^^rface. if two 
similar marbles with the same , amount of kine1*1fc energy collide 
with a. sled, the same amount of v;ork will be done\ However, if 
one of the marb3,es collides with the higher.^ric tioned sled, it 
will move a shorter distance\ Th,e work don*^is th^ same; the 
force applied "was greater. ii*'">'vC? 

2. If other types of rolling spheres are available, some chil- 
dren may wish to extend the investigation stiil further. Steel 
balls or ball bearings could be used. They wil% be much denser 
than the glass marbles.. Thus, although t^hey may be of the same 
size, fhey will be'^much heavier ^and, at the same speed, will 
possess much gr 'eater kine t'icenergy. ' 

3. Seveiral hVpothetical situations can discussed- with the' 
childr'en.^ ^ Fc^r .instance, suppose a hay wagon ^nd a train, both^ 
moving at dO miles per hour, collide with id^ntica]. big boxes 
Which'will move the box farthe^r^ Which has more kinetic energy., 
the wagon or the train? . - 
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MINISEQUENCE Il/Acti,vity 5 



Activity 5 Potential Energy 



In -Activity 4, the "|^peed df th6 exiting marble (and thus, its 
kinet^^c erier.gy) has-been related .to the ramp position. Whether 
its speed depends on the angle of the ramp or simply on the 
height of the markl'e before rele'ase has hot been i n ve s t iga*ted . 
Here the chi Idrej^^^ 1 L observe that even at a fixed r^mp incline 
if the marble i s ^^re lea sed, f ^om greater heights.it Vill possess 
more kinetic enejjr^gy at the base and thus be able to do more 
work.^ It is .at eftis point that a new^,concept is i-ntroduced--^ * 
that of stored or gravi tatio.nal" potential energy/ 'The marble is 
not ^moving when it is-'held at the height from whi,ch it^s to be 
re^leased. Thus it has no kinetic energy. . B^t* it certainly^-ha's 
the potential of developing such energy if allowed .t'o roll ^3own 
the ramp. The^ gr avi tat i ona 1 potential energy of the "martJie at^ ' 
the top of ^he r'amp is completely co'nverted ,to,*the marl5ie'^ • . 
kinetic energy at .the basfe. ' » , ^ % . 

The gchi 2^ren then jrelate the potential energy of a marble^ to the 
wo^k , required to lift it to a given height on the ramp.' ^his 
work is calculated' by the, force (the marble's weigh^t) multiplied 
by the distance to be lifted (the he igh t ' be f or e release)! .As a 
summary the ?,c h^i Idre n atte^mpt to analyze the total situation in 
term^ of (1) work needed to lift a marble into pTace (2) i*t,s 
potential •ea%ergy as a. jesult of its position (3) the ki^netic' 
energy dei^j-yed from potential energy as the marble rolls 

down and finally (4) the work done on the cup-sled when the mstr- 
ble collides with it. \ ° ^ - " . x 

•■>. , * • \ 

MATERIALS AND EQUIPMENT: 

\ S ' 

For each group of two or more childrer?:*" 

the ramp set-up and^ cup-sled from Activity '2.' ' 
2extrarurers ' 
1 Worksheet II-2 
1 marble 1-in . diamet;.er 
For the class: - . ^-4 

. 1 piece of sand paper (optional^ 
1 bloQk of wood (optional) 
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MIMISEQUENCE II/Activity 5 



PREPARATION FOR TEACHING: 



,None , except to Ifave the materials available 



ALLOCATION OF 




E: 



. T)iis --Activity should not take more than about one hjiyr to coij-\ 



TEACHING SHQUENCB 

•1 . You mi^ht introduce this 
Activity by setting up 'a ramp 
'on one^'pr two bqxes or- booTcs 
in f^u^ll view Vf the children. 
Then take a marbJle whicji^had 
been sitting on^'he table and 
lift it td'the 'top tfie ramp 

Holding, th,^ marble at the top, 
ask abo\it i>ts en'ergy there. * 



•Does it fea.y§ kinfetic energy? 



%*What happens *if it is let 
go? what can be said about 
i'ts energy then? 

Encourage discussion of this' v 
question as you release the. 
marble^ Help the children *to 
realize that once the marble 
is in motion it Acquires kine- 
tic energy. If a sled were at 
the/ barse , the colliding marble 
woul^d move the sled, thereby 
doing work cfn it.* ( 



Re'turn 
of the 



the marble 
'rairfp. 



to the top 



Can the stationary marble , 
in this pos^ition be said to 
have ar^y energy? 



r 

COMMENTARY 



V 



No," it isn't moving. The chil-^* 
\dren found ,that kine t ic . .e he-rgy 
Mepende.d partly on the spee-d of 
t^ marble^ "^t z^o speted, the < • 
marble^ has' no kinetic energy. • 
$ 



Introduce the iia ea that the " . 
marble at the top of the i^itp 
has the potential' to do worli^ ^ 
once it gets to the botto^-- 



*\0 * 



11? 



107 



MINISEQUENCE II/Activity 5 



TEACHING SEQUENCE 
4 



Next, ask tl>e ahiWrern to look 
at the clata tliey refrorded in 
Activity 4 (see page 103), and 
try to figure out .what , deter-, 
mined the amount of kinetic 
energy that a marble -had when 
leaving the- ramp. Later, a 
connection will be made ^ 
between the kinetic energy, at 
the bottom *of the ramp and thfe 
potential energy at the top. 



Q " COMMENTARY 



■V 



that is, it has tJie potential 
tX) develop^ kinetic energy whjj^ 
re leased. ^ Thus , -^whe/i th^ mar- ^ 
ble is^at |:he top. of bWet^ramp,^ 
it: can be ^^aid tjo possess 
"potential energy ^ 



RAMP. PbSITION^ 




The childreij^ found that an ob- 
ject's kinet*ic energy depends 
on' its 'weight and on its speed. 
For* a marble of a gi^ejj^ize 
and weight,. j^t.?;3^ speed seemed 
^to be ^determined by the position 
f rom whi ch i't was r^ea sed . * 
For chi Idiyen ,wHo still have 
difficulty seeing this rblat^ion- 
ship, sfet.xjj^ the data they 'S'b-^ 
tained^ in Ac.ti-vity 4 -on the 
chalkljoa'rd lis ting it in order ' 
from the.'^ljeas'f to the greatest 
amount of kinetic ene.rgy: 



MARBLE ROL\LED 



5/8-in. 
5/8-in, 
'5/8-in. 
1- in . 
* 1- in . 
1- in . 



(5.5 g) 



(21 g) 



t^ELATIVE ' 
KINETIC ENERGY 



1 Ueas»t) 

" —I 

4 

5 

6 (greatest) 



2. You might Miell the chil- , 
dren that you 'have ^een won- 
dering ^hat it is about the 
ramp position . tha't deter-mines 
the .amount of kinetic energy 
the ma'rble will develop. 



What about 
the ramp? 



the inc line 'of 
Does this, have 



,ERLC 
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Di s cuss whe the-r it is the 4ngle 
of .the ramp or, tY),e actual 
height of the marble which de- - 
termines the kinetic energy of^ 
the marble. You may want to 
use thjS ramp set-up in front of 
th.em tO' illustrate the problem. 

f Some chi Td^ren may reply th^t 
/the incline dc^es matter. When 

. :118 • 
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MtNISEQUENCE*II/ActiVitv 5 



TEACHING SEQUENCE 




the mar- 



any effect on the fjlnal 
kinetic energy of 
ble^-and therefoo^'e on its 
potential energy at the top 
of> the ramp?' Or is it the ' 
height of the marble? 

• How could .yoy release the 

marble from different heights 
but still keep the angle of 
the ramp the same?^ 



COMMENTARY 



they lifted the ramp ^to a new 
position, theife was a- new 
incline ,each time. 



Encou4:age suggestions from 'the 
children: If It does not come 
^from them,' ydu'-may have to 
elici^t the idea' that a ramp 
cduld be kept at the saline in- 
cline - -(support 'the ^^ot^on a 
fixed number of boxes ) but t'he 
marble cojald be placed -at dif-/ 
ferent points on the, ramp, 
which would correspond to dif- 
ferent heights. (See the illus 
tr^tion beiow.) In this l;ay 
they could separate the effect 
of the ma^r bl e* ' s vertical posi-- 
-e f feet 



tion 
ramp 



f rom ^ tl\e 
incline . 



■ o t "t"lr^ 




r 



. s - 

Have-each tea;n(i reassemble the 
materials f^jr the ramp^ the 
cup-sled, and the guide mea- ' 
suring rulers^ The ^^hijrdren 
should su]prport the ramp so 
that the incline is as fe e p * 
as practicable. (If a 4ouble- 
len^h ramp -is being used, a 
high supports .would not be 
needed/) wliiji a constant *in- 
cline', they, could position 
the marble al^out 1/4 oX the 
way up the /ramp and measure 



A very 'convenient way 'to study 
the effect of height of release 
at constant incline is to at- 
tach twQ^ ruj.er ramps together-- 
resulting *in a -l^mp twice as 
long. * 'The two can be attac^'hed 
if a third ^ler. is^nested and 
taped behind the two rulers, as 
shown in the illustration. 
Thig requires two more rulers-, 
per team but it makes it much 
easier to study, .different drop' 
height^ at a constant incline. 
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RAM®- 
^INCLINE 


HEIGHT OF 
MARBLE WHEN ; 
RELEASED (mm)_ 


AVERAGE DIS- 
TANCE, SLED 
MOVED (mm) 


WORK DONE 
ON SLED 


RELATIVE 
KINETIC . 
ENERGY 


.RELATIVE 
POTENTIAL 
ENERGY ^ 
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conpleted ihe fifth grade and 195'boys who had just J^egun the sixth grade 
* / are presented and discussed, t ' ' 

Harris, M> L. Tabachnick.,, B. R., & Huysamen, G. An analysis of content ancf 
" task ' dimensions of social sludies items ' designed to measure ' level of 
\ concept attainment . Technical Report No. 19^. ^3 pp. November 1971--'^ 
_ ED 06^8 il10. , 

Content and'^taslc dimensions of social stydies items were studied using 
' factor analytic techniques. .These items were, developed to measure coiicepf* 
at'tetinment* using a completely cros§^d' design with 30 concepts and 12 
tasks. Conventional factor, analyses were performed," separatel^y fop^pya 
and girls, for concept scores and foPiHasTc scores. Three-mode factor 
analyses were performed.* ^ ^. 

'The 'main conclusion's drawn from the results of th^ conventional factK)r 
analyses are that ^11 30 of thejo^cepts are measures of a single 
^funcfeional redatioeship^ exist ing^lnong the.concejjts^ and that all 12 tasks 
Y are measures, of 'a siagle undeidying ability br patent t.rait . Th^ . n " 
thre^-mode results indigate that therd' are no important concept-task 
interactions ijor the idealized persons; thus "it is. reasonable to regard 
the .concept s"and the tasks as being two independent* modes . 

• ' ^ . \ ^' T ' ' ^ 

Harris, M. L.^, & Vpelker, .A. M. An analvsi's of^ content and task dimension's of 
^'^ jSCi^nce items designed to measure level ^f concept attainment . Technical 
/' Report No. 198. 2^ pp. NoveiJiber ' 197 1 . ED 065 3^8. . 
I ' . . / • ■ - / 

^ Content and task dimensions of science items were studied using factor 
analytic techniques. These items were developed to measure coYicept 
attainment using a completely crossed design with 30 concepts ^and 12 task 
scores'. Three-mode factor analyses were performed. " * 



\ 



j| The main <jonclu3ions drawrt from the results of the conventional factor 
\( analyses are^'that all^ 39 of the concepts are^measures of a" single '* ' , 
functional relationship.' existing among the , concepts, and that all 12 tasks 
\ are measures *of a .sing:fe underlying ability or latent trait; The 
three-mode resul^v4^dicate' that there are no important concept-task 
interactions for the idealized persons; thus it is reasonable to regard 
concepts and the tasks as being two independent modes. - . , 



V 
\ 



Haveman, J.*E., Farley, H. Arousal *and retention in paired - associate , 
serial, and Tree learning . Technical Report .No., 9K -Out of pr^int. 
18 pp. July 196^. ED 0.^ 959.- ' ' ' ' ' 

In-an^effprt to investigate tJie relationsMps between ardus^l and '\ 
long-term learnin*^ recall, arousal was jnij^pulated by white noise .duf^'ing 
paired-a;§spGiate,\ serial and free learning in three experiments. The 
-^results suggested that the effects" of arousal are, dependent on the i>^ure 
of th^^ material to be processed and the intensitty of - af^ousal . : . . ^ 

' ^ *' ' , ' . ' t : " * ' • ' ^ * 

Hawkins, ?'. D. HvpostatizatiTon of selected environmental concepts in ' 

.elementary school children . Technical Repjart No. ^215. * (Master 'sr' thesis) 
6l-'pp. -^March 1972% *ED 070 022. , ' ]' ^\ 



MI^ISEQUENCE^ IL/Activity 5 



TEACHING SEQtlElflCE 



The procedure . can be repeated 
at a point 1/2 way up 'the ramp, 
'3/4 of the way up .the r'amp, , 
and at the top. ^They pan r$- 
cor<a the data on Workls.i^eet ' 
II -2. ^ -^^ '"^^ ' . 



With the iYiclination of. -the 
ramp this same, the dhild-ren Hl^ 
sh9uld readily observe that the\ 
hl'gher the marble is before i, 
is released, /the more work 
can do on the sled. Thu^ . the 
more kinetic energy it must 
have had at the bottpm cfr'the 
ramp. and the' mo re /potential 
energy at the top/ 



ifet Now ask th^ following ques- 
tions : 

•/koiVf did the marble get to' ^ 
each of the four positions 
on the ramp? How .d^^cl ii^ ^ac- 
quire the pqtehtia-i 'energy it 
has at tbose positions? 

• What has to be 'done to lift 
the marble up? 



• What force is*^ required 
l^tft tl^ n]rarbre? l 



• V^^hat - is the distance? 



to 



COMMENTARY 



Be sure that they. measure the 
hexght of the marbl^ ab6ye the 
'table before -^it is*^xe 1 efa s e d e a cH 
time ' • \ » 

The new data should be recorde^d 
and raivkings .givejy for relative 
kiri^tic and po«ten tial^'energy 

in • dis coining thdo-r resylts help 
them to*?t^P|^ that (I) the hi,^her 
the ra a r b I'e ' i s w h eTi ^-f a s e'd / • . . 
the more po t eat ia l*"iglT|^xgy i t 
has before rvsl-ease; C2)' the i * 
more • pot entia 1 energy it ha^s ' 
whan released, the ,more. K'inetic 
enerqy it develops as it rolls 
down the ra^,(3) th^|iore 
.kine tic%gner^y thp mar'ifle- has 
when' it 'hits tl\e sled, the more 
work it 'does on the sled.' . 



^omeone f te*^|^^Hap and put it 
there, Accoirt'pkny ' the^se ques- 
tions by iifttng.the "marble to 
a^particular height on the dem- 
onstration ramp. 

There, should be no difficulty 
in-eliciting the idea that in 
the act of lifting, work i^s 
done--a force is applied through 
a distance. If n,ec5essalry , re- 
fer to their earii-er experiences 
wi th "lif-tdng books. ' 

It is the tJ-r'ce just 'equal and 
opposite to the weight of ttie 
marble. The marble' is being, 
pulled down b.y the gfca^w^i ta tional 
force.' 

The disls^nce will correspond to 
the four different^ heights to 
which the rtiarble was raided-. 
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MXNISEQUENCE Il'/Activitv 5 



TEAbHING SEQUENCE 



Air, 



• Suppose you called the force 
necessary to 'lift the marble 
one "marble-force Vinit," 
How would you calculate the 
work required to lift the 
marble into position? 
\ 

Have them -enter the amount of 
work done in lifting the mar- 
ble to each of the four ramp 
^positions in the last (empty), 
column on Worksheet A 
completed Worksheet is shown 
on P^^^ 113. 

i 



• what did you infer about the 
potential energy at each 
height? 



Help them to recognize that as 
the marble is placed at each 
new height position, it has 
more potential energy--and to 
get the marble to this new 
height requires more work. 
Thus, if it tooJc 15 units of 
work to get a marble to a 
par?^.cular^ posit ion , we might 
say if poss^^ssed 15 units of 
potentially' Available work (or 



COMMENTARY 



er!c\ 
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Ic^vwould be the product of this 
marple-force u n i .a^n (J^t h e dis- 
tan^e• Si.nce the forJfc^has a 

numerical value'of 1 , amount 
of work done in lifting- the 
marble would have the same num- 
erical value as the. height of 
the marble when released. 

Some children may want to sub- 
stitute the actual weight, of 
the marble and use this figure 
to calculate .the work done. in 
the comparison will 
on the distances, 
th^ force is con- 



either case , 
still depend 
lifted since 
s tant • 



As the^ height increased, the 
potential energy increas^. 
.Note that the potential^ energy - 
we calculated is the work put 
into lifting the marble up from' 
a reference level — in this case/, 
the table top. Thus its po- 
tential energy Is with reference 
to thi^s table top. if we want- 
ed to know the potential energy 
with reference, to, say, the 
floor below, we would (Calculate 
the work ^ut into lifting, the 
marble from that greater disr 
tance. Potential energy is al- 
ways calculated from some' refer- 
ence^position. , ^ 

Note also that 'it is not pos- 
sible to make valid comparisons 
of. work done on the sled and 
work done in lifting the marble 
(for a given position) • This 
is because the force" units are. 
not the same even though both' 
distance"^ are measured in milli-^ 
meters^ It might be added that, 
even i-f they could be compared,/ 
the work done would not be 
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WORKSHEET II-2 



Name: 



RAMP 
INCLINE 



HEIGHT OF 
MARBLE WHEN 
RELEASED (mm) 



AVERAGE DIS- 
TANCE SLED 
MOVED (mm) 



WORK DONE 
ON SLED 



RELATIVE 
KINETIC 

e;n£>rgy 



RELATIVE 

POTENTIAL 

ENERGY 



^ 

43 



■31- 
93 



31^ 
93 



4- 



_2_ 
3_ 
4 



• 34 
43 



Horvitz, J. M. Transfer in children's paired-associate learning as a function 
6f levels of meaning r Jechnical Report No* 313- (Ph.,D. dissertation) 
'5.1.10.30.08:01.03. 84' pp. January 1975. ED 105 445*. * 

The study wasydesigned to assess whether negative transfer in children's 
paired-associate* learning coUld be rexiifced byjc^an^ing the levels of 
meaning at which sti'muli were, encdded on the two lists. Stimuli, and 
instructions were specifically designed to approximate three^ levels of 
meaning postulated by Paivio (representational /' rejfet'ential , and asso- 
ciative). It was hypothesized that chanptes *in meaning levels^from first 
to second ^st would result in less interference than' conditljOns where 
stimula remained at constant level3,of meaning ^over' lists. . Another facet 
of the study was designed to test the encoding variability hypothesis wi^th 
children, which suggested that 'less meaningful' stimuli would be subject to 
■ ' less interference. • ^ ' 

Three separate experiments were conducted. The hypotheses were not 
confirmed by any of the three experiments. Results were discussed in 
terms of possible characteristics -of the learners and the stimuli that may 
^ have contributed to the nonsignificant findings. 

Houston, T^. p., Jr . " €omparable common factors in English homophone . 

^ necognition . Technical Report No. 163. ( Ph.D.^dissertation) 168 pp. 
March 1971 • EP 056 045. " ' 

A list of 7,300 English homophqnes was compiled .and used to contruct two 
tests. Scores were obtained on these and on refer.ence tests for 
J. P. Guilford's factors CMU^ CSU, DMU, DSU for 70 native speakers of 
midwestern American English from a university population. The homophone 
^ tests showed; Hoyt _reliabili ties of .95 and .87 for these subjects. 

-Following Harris's procedure for determining Comparable Common Factors, a 
15 X 15 matrix of intercorrelations was subjected' to three factoring 
procedures, each, yielding oblique^and orthogonal solutions. Results were 
in close agreement for all analyses, 3w.elding three common fattors. Two 
corresponded to CMU and to DMU. The CSU and DSU te^ts loaded on^th'e third 
factor, which had its largest loading on tjie homophone tests, and involved 
comparing verbal stimuli with formal elements of internally generated 
lists. These findings replicate Harris's jfailure to extract distinct GSU 
and DSU factors, ai|cl^uggest that homophone recognition tasks can provide 
^ short but reliable reference tests for the symbolic .factor^into which CSU 
and DSU coalesce. * - . 

Hubert, L.'j., & Levin, R. A general statistical' ^ framework for assessing • 



categorical clustering in free 'recaLl. Theoretical Paper No. 58.* 
5. 1.10. 30. 09. 01. 07 .'01.. 28 pj5\ October 1975. ED ir6*l62.^ ^ 

A graph-theoretic paradigm is used to g^^rali^e the comnto,n measures of 
categorical clustering in free recall jD^^sed on *the number. of observed 
repetitions.. Two graphs are defined: ^^a graph G that characterizes the 
priori structure of t^e item set defined by a researcher, and a graph R 
that characterizes a subje^ct's protocol. Two. indices 'of clustering, 
denoted by .lambda and omega, are obtained by evaluating the. sum of the 
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MINISEQUENCE II/Acti^itv 5 



TEACHING SEQUENCE 
i 



potential Energy . ) 



As ^the children discuss tjie 
situation, rstart to analyze 
t'he systenr in terms of: 

'a) Work done to lift the mar- 
ble up. 

b) The potential energy of 

/ the ma^rble at the top of * 
the reamp (eq^uivalent to. 
the work done in lifting 
it there ) . " 

c) As the marble rolls down, 
the potential energy is 
changing to kinetic energy, 

d) At the bottom of ramp, the 
potential eriergy of the 
marble is zero (since it 

- has zero height) but it is 
moying at. its maximum 
speed. All the e^hergy is 
kinetic. 

e) When it collides with the 
sled, it does work in mov- ' 
ing the sled, thus com- 
pleting the cycle. 



\ 



COMMENTARY 



exactly the sarpe because of 
•energy losses. 



If we assume iihat mechanical (- 
energy is conserved, the, kine^tic 
energy of the marble at the bot- 
tom of the ramp shouLd be equal 
to its potential energy at the 
top. In practice, this is im- 
possible, s^nce some of its 
^energy must be transformed to 
heat energy due to fractional 
forces as the marble^rolls down. 
Hence the kinetic energy at the\ 
bottom must always be somewhat 
less than the wo'rk done to lift 
tJhe marjple to a jgiven point on 
the ramp (which is- it^ potential 
energy ) . *^ 



\ 
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You may wish to use a schema- 
tic diagram sucA as the one 
shown above to sumiftarize the 
idea that tfie stored potential 

114 " . ^ • 
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MINISEQUENCE Il/Activitv 5. 



-1 



TEACHING SEQUENCE 



energy at a given height de- I 
pends on the work 'required to 
lift the object up to that 
height [Force (weight) X dis- 
tance] • As it moves down a 
ramp, the object's potential 
energy is^conver ted to kine-tic 
energy , which can do work . " 



Some phildren may wonder* what 
h^appened to the kinetic energy 
after the rolling ma-rble moved' 
the sled and everything came 
.to'rest. Although this will 
be pursued* in the final Mini- 
sequence ^on energy conversions, 
if children . appear curious 
about- i*t, ask what was happen- 
ing as the sled moved on the 
table surface* What forces 
were being overcome? 

Especially if ^children* have 
been exposed to the conserva- 
tion of thermal energy se- * 
quences in Grade 4, they will \ 
likely be concerned about ac- 
cpuhting for the kinetic 
energy. If so, have them take 
a piece of wood and ampJLify " ^ 
the frictional ru)^bing action 
by sliding the wood over some « 
sandpaper. After about ten 
strokes, they should pick up 
the woo^anc^feel the surface. 
What doWSlfc^ sense? What do 
they think happened to the 
kinetic energy-? 



COMMENTARY 



The .frict^ional forces between 
the two surfaces. ^ 



It was converted to heat 
ene rgy I 



EXTENDED EXPE R'l ENCES : 

As ^extensions you might pose some problems ,^uch as:. 

There 'are two big hammers; A and B, which are to be used to 
drush some rocks. Each weighs 500 weight .units and will be al- 
lowed to fall on the rocks. What is the difference in potential 
energy if A is lifted twice as high as B? (A has twice the 
potential energy.) Which required more work 'to lift 'it? Which ^ 
has a better chance td crush' the rocks? 
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Miniseqlie^ce II Assessments 



vScreenihg Assessments, 



The concepts being tested in^jMs Minisequence are: 
I. 'Mechanical 'Energy 

Th.e two forms of me chan ica 1* energy , kinetic and potential, > 
ih*y be transformed from .one to the othfer. ^ 

a. A moving object possesses an fii^ount of kinetic energy* 
J, that is' related 'to its^' ^pe^d and to its mass '(as meas- 

ured^by weight); tfiat is, mor^ energy fo,r more, speeds- 
more^ energy for more .mass at a given ^pe'ed, . % 

b. 'T,he potential energy, of a stationary object is related 
^ €o hov^high .it has been lifted against the^ earth's 

^ra^>i-ta'< * " " ' 



p^nsli force 



II . 



Work 




Work is don^ when a force moves an object through a distance. 

a. The amount of work done, as' measured in work units, is 
• the product of the number of force. units and the number 
of distance ^units. 



III. The. lation between energy and work 



ERIC 



a. A inoving object (possessing kinetic energy) has the 
capacity to do work. 

b. The potential energy of an object increases by the 
amount of work needed to lift the object to a given 

^ position . , ' 

Part 1 contains 5 .problems to help assess mastery' of the**' con- 
cepts of Mech'anical Energy; Part 2 contains 5 problems to'assess^ 
mastery of the concept of Work; and Part 3 contains 5 problems to 
assess mastery ^o^ the concepts of how mechanical energy and work 
^re related. B'ach Part should, take 7 to lo mijutes; children 
should b§ encouraged to think out their responses and not to guess 

116 



128- 



' PART 1; ' / X 

.1 . ' 



MINISEQUENCj: 11 ASSESSMENTS 



Page*A , * 

« • 

Have the children turn to page A* 

READ THE QUESTIONS AND CHQICES SILENTLY AS I *READ THEM ALOUD TO 
YOU. AFTER I READ ALL THE CHOICES, DRAW A CIRCLE AROUND THE 
LETTER OF THE BEST CHOICE. 

THE PICTURE SHOWS TWO SKIERS 
-\ AT THE^BOTTOM OF TWCMILLS. 

Nboth skiers weigh same 

AMOUNT.; BOTH HILL9WAVE THfe 
gAME KIND OF SURFACE. BOTH 
-SK^S ARE EQUALLY GOOD. . p^g^^ ^^^^ 

1. WHICH GIRL WILL HAVE MORE .POTENTIAL ENERGX AT ' THE tOP OF HER 
HILL? 

A. JANE. ' ' ' ■ 

o 

B. PEGGY. 

C. VERY CLOSE TO 'THE SAME. 




2. WHO WILL HAVE MORE KINETIC ENERGY AS THEY PAUSE JUST BEFORE 
THEY START DOWN? ^ 

A. JANE. 

B. PEGGY. 

" C. THE SAME. , , .''' •''* 

3. AS, EACH 'REACHES THE BOTTOM OF HER HILL,. WIJO WILL BE GOING 
FASTER? 

A. JANE. ' . » . 

B. PEGGY. 

C. VERY CLOSE TO THE SAME. ' 



CLO^i 
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MINISEQUENCE II ASSESSMENTS 



WHICH GIRL WAS GOING FASTER AT THE BOTTOM Of HER' HILL? 

A. THE ONE WHO INCREASED HER POTENTIAIAENERGY MORE GOING 
DOWN, . * . ^ \ • 

THE. ONE WHO HAD THE MORE Klb^ETIC NSNEI^Y AT THE BOTTOfI, 
C. BOTH' STATEMENTS A AND B 'aRI; TRUE. 



5. IN /ME lobby' of THE SKI LODGE, WHO HAD THE MORE POTENTIAL 
ENERGY? ^\ ^ . •' $ { 

' \ A. ■ JANE. " _ . ■ . • 

B. ' PEGGY. , ■ f-., ■ 

C- VERY ^CLOSE TO THE SAME, 



PART 2 

\ 

? 

Page B 



1- , MORRIS 'LIFTED A BOX WHICH WEIGHED 100 FORCE' UNITS THROUGH A c 
VERTICAL DISTANCE OF 5 UNITS.. HOW^MANY UN-ITS OF WORK DID HE DO? 

A- 5 UNITS' ^ 

B. 100 UNITS ' ^ ' ^ 

4 

C. 500 UNITS * ' - 



2. DARRELL SAID HE DID AS MUQH WORK AS MORRIS BUT HE -.LIFTED HIS 
feOX 10 VERTICAL DISTANCE UNITS- HOW MUCH DID DARRELL* S b6x . * 
WEIGH? / . . 

A. 5 UNITS 

B. 50 FORCE UNITS- ' ' ' ' 

C. 100 FOkCE UNITS 

■7- ■ ■ ,. . 

3. DEAN USED 100 FORCE UNITS TO PUSH A TABLE OVER 'A DISTANCE OF 
3 DISTANCE. UNITS. JOE USED 3 FORCE UNITS* TO PUSH. A DIFFERENT 
TABLE ON THE SAME FLOOR 100 DISTANCE UNITS. WHO* B>ID MORE WORK? ' 



• 



' MINI SEQUENCE II ASSESSMENTS 




r 



A. DEAN 

^ ^ B. JOE . * . , ' 

C. ' THEY DID^HE SAME AMOUNT OF WORK.* 

4. 'PHIL USED^l FORCE UNIT TO MOVE A PIECE OF PAPER 1 DISTANCE 
UNIT. ARNOLD EXERTED 500 FORCE UNITS ON THE WALL OF HIS HOUSE 
\ BUT IT DIDN'T MOVE. WHO DID -MORE WORK? ' , , 

. ' 'A. P'HIL 4^ ' ' 

, B. ARNOLD • ; ' ' 

C. THEY' DID 'THE SAME AMOUNT OF WORK. 

^. KANDY SAID* SHE WORKED VERY HARD ALL DAY. KANDY WEIGHS 25 
. FORCE. UNITS AND SHE SAT IN A CHAIR FOR 3 HOURS. HOW MUCH WORK 
, DID KANdV do? 

A. ^ NOJVpfeK^ 

B. " 25 WORK UNITS. 

: . ' N 

C. 75 WORK UNITS. 



PART 3 ^ . ^ • ' , 

«■ ♦ 

Page C 



1. TWO BOYS LIVE IN AN APARTMENT BUILDING ON THE THIRD FLOORS 
ONE ^ AFTERNOON, BOB CLIMfiED THE STAIRS AND JOE TOOK THE ELEVATOR. 

* WHO DID MORE WORK?^ 

. ■ . ■ r. ■ . ■ 

" A. BOB. 

B. JOE. ' / , • JP 

C. THEY DID, THE SAME AMOUNT OF WORK. 

2. IN QUESTI ON-; 1, ' WHICH BOY HAD MORE POTENTIAL ENERGY On'tHE 
THIRD FLOOR? ^ . ' 
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MINISEQUENCE II ASSESSMENTS 



A. JOE. . . . ' . " 

B. BOB. 

' f ' o ' 

C. ITJDEpENDS ON 4SH0 IS HEAVIER. . ^ . ^^ . ' 

>m ' 

3. BOB CARRIED HIS -BALL' DOWN STAIRS T0 PLAY ON THE SIDEl^ALK. 
JOE DROPPED HIS BALli, WHICH WAS THE SAME KIND AS BOB'S, FROM THE 
THIRD^-'FLbOR WINDOW TO WHERE BOB WAS STANDING. AT THE MOMENT BE- 
FORE »:^OE'S BALL HIT TME SIDEWALK, ^ WHOSE BALL HAD MQRE KINETIC 
ENCRGY? ' 



- A. B^B'S 



B. JOE'S." _ • . , . 

C. BOTH EALLS THE SAME KlNETig. ENERGY. 

4. IN QUESTION 3, AT THE MOMENT ,WtiEN . BOB ' S 'bABL WAS ON THE SIDE- 
WALK AND J0E;'S ball hit the sidewalk, .'which ''ball had more" POTEN- 
TIAL ENERGY? • ■ - ■' - • 



A. BOB ' S . V > . ' ' • 

B. , JOE'S. " ' \ . * * . 
' BOTH BALLS HAD THE SAM? POTENTIAL ENERGY. ■ 

5. NEXT MORl^ING, JOE RAN UP THE STAIRS. JF*-HE HAD \WALKED-' UP 
HE WOULD HAVE DONE: . ■ , - • 

A. MORE WORK ' ' t ' .. \ 

B. .THE SAME AMOUl^T -OF 'WORK * , r 

- ' . '.--„■ 

C. LESS" WORK • ^ ■ - V 
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II : • Name; Page Vft 

THE PICTURE SHOWS TWO SKIERS AT ' / 
THE BOTTOM OF TWO HILLS. BOTH ' 
,• SKIERS WEIGH THE SAME AMOUNT. 
BOTH HILLS HAVE THE SAME KIND OF 
SURFACE. BOi-H SKIERS ARE EQUALLY . 
GOOD^ . . . 

Peggy « Jane 

1. WHICH GIRL WILL HAVE MORE POTENTIAL ENERGY AT THE TOP OF HER HILL? 

A. - JANE.' . ' . < f 

B. PEGGY. • . ' , * 




\)^ C. "VERY CLOSE TO THE SAME. , " ' y 



2. WHO WILL HAVE MORE KINETIC ENERGY AS THEY PAUSE JU^T BEFORE THEY-lj 
StART DOWN? 

t 

A. , JANE. 

B. PEGGY. ^ ■ 

C. THE SAME. 



3. AS EACH REACHES THE BOTTOM OF HER HILL, WHO WILL BE GOING FASTER? 

A. JANE. 

B. PEGGY. 

^ 

VERY CLOSE TO THE SAME. ' " ^ ^ 

■ . ■ • 

4. WHICH girl' WAS GOING FASTER AT THE BOTTOM OF HER HILL? 

N - 

A. THE ONE WHO INCREASED HER POTENTIAL ENERGY MORE GOING D"OWN.. 

B. ' THE ONE WHO HAD THE MORE KINETIC ENERGY AT THE BOTTOM..- 

C. BOTH STATEMENTS A AND B ARE. TRUE. 



5. IN THE LOBBY OF THE SKI LOD GE ^ M Hef^AD THE M'ORE POTENTIAL-ENERGY? 
A. JANE. 



B. PEGGY. 

C. VERY CLOSE TO THE SAME. 



> 

~ --^ Name:*-- Page fi 

1. MORRIS LIFt/d a BOX WHICH WEIGHED 100 FORCE UNITS THROUGH" A VERTI- 
CAL DISTANCE .OF 5 UNITS. HOW MANY UNITS- OF WORK DID HE DO? 

A. 5 UNITS. 

B. 100 UNITS. ' ' * 

« • 

C. 500 UNITS. _ • . ^ 

?A v™?Sax WORK AS MORRIS BUT HE LIF^D HIS BOX 

10 VERTICAL DISTANCE UNITS. HOW MUCH -DID DARRELL' S ■ BOX WeIgh? 

A. ^5 FORCE UNITS. 

B. 50 FORCE UNITS. 
100 FORCE UNITS. 

THE SAME FLOOR 100 DISTANCE UNITS. WHO, DID MORE WORK? ^ 
^ ^DEAN, 

B. JOE. •> 

G. THEY DID THE SAME AMOUNT OF. WORK. ^ 

4. PHIL USED 1 FORCE UlflT TO MOVE A PIECE OF PAPER 1 DISTANCE UNIT 
ARNOLD EXERTED 500 FORci-UNITS ON THE WALL OF HIS HOUSE BUT J? D^^N^T 
MOVE. WHO DID MORE WORK? - - - , ,p! 

A. rlp'HiL. * ' I , • • 

•B. ARNOJjB, ' 

C. . THEY DID THE SAME AMOUNT OF, WORK. 

5. KANDY SAID SHE^WORKED -VERY HARD ALL DAY. KANDY WEIGHS 25 FORCE 
UNITS AND SHE SAT IN A CHAIR FOR 3 HOURS. HOW,. MUCH WORK .DID' KANDY DO? ' 



A. NO WORK. 

B. 25 WORK UNITS. 

C. '75 WORK UNiTS. 



J 



-12 2 

ERIC 



J- ^ . Name : 



Pdge C 



!• TWO BOYS LIVE IN AN APARTMENT BUILDING ON 'THE THIRD FLOOR. x ONE 
AFTERNOON, BOB CLIMBED THE STAIRS AND JOE TOOK ^ HE ELEVATOR. WHO DID 
MORE WORK? 

A'. BOB. . ^ " 

B. JOE. . ' . ^ 

'C. THEY DID THE SAME AMOUNT OF WORK. 

2. * IN QUESTION 1, WHICH BOY HAD MORE POTENTIAL ENERGY ON THE VhIRD 
FLOOR? ' 

A. JOE. 

B. BOB. 

} '•■'•* 

C. IT DEPENDS ON WHO IS HEAVIER. . 

3. BOB CARRIED HIS BALL DOWN STAIRS TO PLAY ON THE SIDEWALK. JOE 
DROPPED HIS BALL, WHICH WAS THE SAME KIND AS BOB'S, FROM THE THIRD 
FLOOR WINDOW TO WHERE BOB WAS STANDING. AT THE MOMENT BEFORE JOE'S 
BALL HIT THE SIDEWALK, WHOSE BALL HAD MORE KINETIC "ENERGY? 

A. BOB'S. V. I ■ 

B. JOE'S. - . , ■ '' 



C. BOTH BALLS HAD THE SAME KINETIC ENERGY. 



4. IN QUESTION 3, AT THE MOMENT WHEN BOB'S BALL ^ WAS ON THE SIDEWALK 
AND JOE'S BALL HIT THE SIDEWALK, WHICH BALL HAD MORE POTENTIAL ENERGY? 

. A. BOB'S. ■ ■ , 

B. JOE'sT 

C. BOTH BALLS HAD THE SAME POTENTIAL ENEJ^GY. ' * . 

'5. .NEXT MORNING, JOE RAN UP THE S^TAIRS. IF HE HAD WALKED- UP, HE WOULD 
HAVE DONE: 

A. MORE WORK. , 

-B. THE SAME AMOUNT OF WORK. - 

. '' ^ ' ' ' 

C. LESS WORK. 
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Miniseq|uence III 
Heat Energy and Liquefying Solids 



In Grade 4, Minisequence V,jthe "ro*le of heat energy in^changes 
6f state was investigated, ^it was found that heat energy must 

, be added "to a solid in order to melt it--Ti.e., change it from* 
the soJLid to the liquid state. '^.And the -same amount of he^t 
endr-rgy^ mus t -be remove^ from the liquid to phange back to the 

;^S^id state^-i.e.r freeze the liquid. 'A model was developed *to 
^^^'^ atrcdunt for the "disappearance" of heafenergy during the melt- 
•^-''^J^^q of a solid. According to the model the heat energy was used 
to the mole'cules from the '(binding)^ forces holding them in 
the'^xed positions characteristic of a solid structure. The 
free molecules in the liquid sta^e were then considered to hav.e 
^ more energy than in ^the solid state because of the* thermal energy 
given to them during the change of state. The ""present Mini- 
sequence extends this idea to anoj^ier \jery common process where- 
by certain ^oli^s can be changed to th£ liquiKi state, namely, 
dissoiu tion^-bhe process of *dissol ving or- breaking up solids by 
placing them in suitable liquidjs , called' soiven ts*. in this pro- 
cess^ as in melting, th^ molecules of the solid absorb' heat • 
energy as they are freed- from their fixed positions and become, 
part 6*'fivt^e liquid along with the solvent. 'However, linlilTfe. melt- 
tirig, wherfg the necessary heat energy i,s supplied .from the out- 
sid^/ in dissolution tk^ solid extracts heat energy from its im- 
mediate surroundings, 4-®*/ from the solvenj;. 

Consider-^ soIid^sucJaa' aV-or dinar y table salt (sodium chloride). 
It can' b^ melted, a^^Q<An moS^t solids but its melting temperature 
is very high { SOl^C) ,_tfiucfh too high to achieve 'in the ordinary* 
clas-s^bom^^-or"" even i'n th*e kitchen. However, it i* easy tp di^~ * 
so^ve tfablfe sal^ in water, without haviog to' heat i,t. How does, 
water iireak ttie jJbonds that hpld table salt in the crystalline' 
-(solid) ^s^tatej^ It must £3|rst be understood that these binding 
forces, are electrical!^^ nature. In the cdise ^of ^S^lti-ng a solid, 
one must pr*ovide enough thermal energy . to i ts /mbJ^gj^wP^ so that, 
their increased molecular vibrations, i.e ./~"il|iereased kinetic 
energy, are en'ough to qv^rcom'^ their elect(ric/al attr^O^t^^ and 
he.nce *they break apart. Art analogy might oe a rubber-bal^ at- 
tached to a paddle by a rubber band, of the sor€ that children 

•often play with. The object is to ke^p the bail continually in ^ 
motion by hitting it each time it^fetu^ns to th^^paddle. " If 
the ball is hit ha^er each ^ime it returns ,^ thereby acqui ring 
more and mo^re 'kinetic energ^^ it event^lally st:?e1:ches the rubber 

^ bcfnd to the breaking point and the ^"'^bon^i" is baroken. ' " ' 

In a solvent, the bond is broken* By weakening the electrical at- 
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traction between molecules of the, solid to the point where the 
tejnperature of/ the solvent (usually room temperature} is great 
enough to break the bond. The electricft^ attraction is weakened 
by the electricj^*^ character of the. solVeni: molecules/ In the 
analogy given above, it would be as though the rubber band, were 
weakened by par^tly cutt'ing through it--su(j:h' that a much smaller 
^stretch would break it. Wate.r is sometTmes called the "universal 
solvent," because so many substances are soluble in it. ThdLs is 
-one reason why it is so useful in washi^ng. All salts are soHLuble 
in water, some more readily than other^s. Salt is a generic term 
used to indicate compounds 'which are formed when an acid ai>d a 
base neutraj^z^ one another. For instance, when hy'drochloric 
acid is neutrlllizeji^ioy sodium hydroxide, sodium chloride is form- 
ed. Other ex^v^^l^^^ }of salts are sodium thiosulfate (hypo), • 
magnesium 'sulfate^' (fepsom salts), and phenyl salicylate (saloH. 

One cannot dissolve an indefinite amount of a gi^^en salt in^ wa- 
ter.^ At some ppint the solution become^ satuirated, which means 
that it is np longer capable of weakening tlVe bon<Js between 
molecules of any ad(*itional solid. This' canM^e thought of as 
meaning that a >given number of solvent molecules can weaken the 
^bonds of a fixed number o.f solid molecules to the point where 
room temperature can overcome the binding forces. More solid " 
can be dissolved if the solvent temperature is increased. Thu^, 
one can dissolve more salt in hot water than in cold. 

Now, we have seen that even where the binding forces are weaken- 
ed, the bonds are actually broken by thermal energy. Hence, when* 
a solid salt dissolves in water, fpr example, it must absorb heat 
energy from the water, thereby lowering the temperature of the 
solution. Ifnthe process could then be reversed, i.ef», if th^ 
solid could be precipitated back out of soliition, then the heat 
absorbe'd during dissolution should be liberated, thereby co.nserv- 
ing energy. Under proper circumstances, s'alts can be . pre cipi ta ted 
out of solutipn with the corresponding j^elease of heat: energy. - 

The.fir^t Activity rev^iews th,e process of melting for the chil- 
dren.'^^fpey observe that different substances require different 
heat sources to me.lt them, i.e., they^have different melting 
temperatures. They also find that one (table salt) cannot be 
melted by any heat source available to them, but can be "lique- 
fied" by dissolving it in water. ' . 

In the next Activity the children study the temperature of water 
as. they dissolve' various salts in it» .They find, as expected,^ , 
that the temperature^ drops ^s the salts dissolve, but that the 
'decrease varies with the different salts as does t^e* amount of 
each s^lt-that wi 1 1^ di s s ol ve in a given^^moun t of water at a 
given temperature. 

The th'ird Activity carries forward th^ i n ve s tiga tiori of saturated 
solutions. The .^children find that for some salts, raising the 
temperature of the solvent (water) greatly increases the solu- 
l^ility; for others, s uchaSj . table salt, the solubility changes 
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very little if at all with temperature. They also establish 
exper;.mental criteria foi; determining when a solution is 
saturated. If the temperature of a saturated solution, (free of' 
^excess salt) is carefully lowered, it may become supersaturated , 
which^means that all the salt may remain in solution -despite the 
fact that at the lower temperature it^ contains more than' the 
saturation amount of salt. The excess salt can be made to pre- 
cipitate oufsuddenly by various mean^. The children work with • 
such solutions in the fin^l Activity, observing the release of 
heat energy (the heat of solution) as their sNipersaturated 
solutions are allowed to precipitate. ' 
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Activity 1 Melting and Dissolving Solids 
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Initially, In this first Acti vi ty , ^the children review, the con- 
c,ept that heat e^nergy is needed to ^'overcome the' binding forces 
within a ^olr^^ to produce a melt. They discover that ice can be 
melted by a very mild heat source; salol must be placed in con-* 
tact with. hot water to melt; paraffin requires a hot plate;, and ^ 
ordinary table salt cannot be melted fey* any source of hea't energy 
, available to themi Thus the bindings, forces within soli'ds ap- 
parently vary in strength from one substance to another and sub- 
stances can be classified accordingly. 

An alternative way of liquefying the "non-mVjLtable" salt is then 
discover ed-- the salt (sodium chloride) dissolves 'in water to 
form a solution. The children co-nsider ^l^he ability , of- water to 
accomplish what moderate hea'^ energy coul'd n.ot and are led to in- 
fer tha^ the water molecules may ex§rt-an attractive force on 
the salt molecules y(hich is strong enough to overcome th^ solid's 
binding forc'e. .The similarities between melting and dissolving 
are emphasized in that each frees the molecules from the restric- 
tions of the solid 3tructure td't)ecome part' of a freely moving 
liquid. ' Breakdown of the solid and its incorporation into a 
moving liquid 'is observeid by the children through a microscope* 

MATERIALS AND EQUIPMENT: \ 
For the class, ^ou will need: * 

1 hot plate , 

1 cookie sheet 

^ ^_ - ^ , ... 

tabfe salt (sodium chloride ),• pure , e.g., "Kosher" salt, 
(sold in many grocery stores) / about 1/4 cup 

saldl* (phenyl salicylate) (s?>ld in most drugstores), 
1/4 Clip . \ 

paraffin shavings, 1/4 cup " . * 

1 paring knife 

alcohol, rubbing, or mineral oil, 1 oz (30 ml) (optional) 

t'able salt/ 2 tablespoons 
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MINISEQUENCE III/Activity 1 



potassium permanganate {sx>ad in drug and photographic 
supply ^stores), 2^ teaspoons 



3 • wooden^ splints or popsicle sticks 

chips of ice in a double 'foam cup t 

3 (or more) wide-mouth containers, glass, waxed paper', or 
plastic^ (approximately 8-oz size) 

/ ^ 5 set-ups for washing and rin^ilg slides (see Activity 1 ^. 
of Minisequen<:e I) ' ' \ 

micropro jector (optional) 

- For each pair of children, you will need: 

1 test tube (100 mm by' 25 mm) 

,1 jar or cup for holding the test tube 

supp:^y of hot water . ^ t ^ ♦ , 



/ 

2 cups, polyfoam, 6-oz to 8-o? (180-ml tfo 240«ml) 



1 test tube clamp ' ^ 

2 ^ma^ifying* glasses 

3 aluminum foil muffin-cup Miners, or 3 in. by 3 in. 
(7.5 cm by 7.5 cm) pieces of aluminum foil 

1 microscope ^' - - : > 

* - ♦ 

2' glass microscope slides " v • 

•1 medicine dropper (Vhen -f i 1 led , it should rele^se-1/4 tsp 
of» liquid) 

*There is . at leas't one brand of table s^alt On the market in. 
which the crystals have bee.n crushed to make the salt dissolve^ 
more quickly on food. Check to be' sure that the s.alt is Ln the 
form of readily identifiable cul^ic cry s ta 1 s--mcfs t brands are. ' 

Preparation for teaching: 

Have hot water available. (You may have to heat up, some on the 
hot'plate if.thei;© is none in a taf) readily available.) 

Locate the hot plate in a position where each child can view the 
heating surface. Adjust the the rmps tatic control to low heat. 
Invert the cookie sl^eet over it to increase ^the h^eating surfac 
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MINISEQUENQE Ill/Activity ^1 



The paraffin scrapings can be made from a slab'of paraffin or 
wax candles by scraping with a small paring knife, or kitchen 
"^^rater. Place them in a wide-mouthed container, PAit'the other 
chemicals in similar containers at separate locations where the 
children can help themselves easily. 



Place the wooden splints (or adequa te. .s ybst i t u te ) next to each 
supply of chemicals. Draw a line across each splint about 1/2 
inch from one end. The amount of chemicals' which can be taken 
up on that 1/2 in, portion of 'the s t i ck cons i dere d a "unit ♦ 
measure"* of solid, A spatula-, a flattened end of a straw, or 
similar substitute can. also be used. 



ArLLOCATION OF TIME; . . 

The. children will need about 1-1/2 hours to complete this Acti- 
vity. ' . 



TEACHING SEQUENCE 



1*,, Exhibit the pieces of ice 
to 'the class. Review, with 
them what is required to lique- 
fy (melt) it: 



• What will 
of ice i*f 
room? 



happen to 
it is left 



a piece 
i n the 



Be sure the chi Idren . realize 
that h^at energy is involved in 
getting the solid water ( i oe ) 
to melt. As the discussion 
proceeds, put the following 
on the chalkboard: 



LIQUID 



heat energy 
absorbed 



SOLID 
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It will melt, Ice*vmelts at Q'^C- 
and the^ temperature of the room 
is higher* than CC, 

Starting in. Kindergarten, the - 
COPES curriculum has» dea^lt with 
the role of heat en^ergy in the 
melting process. In particu^lar, 
Grade 4, Minisequences II and V 
lead into this investigatioh. 
You m^y" wish to review %*hese 
Activities with the 'ch i Idr^n . 
In Mini seque'^nce V, children 
found that energy was absorbed 
by a' solid in order to break 
the binding forces holding ^e 
particles of the' s'ubstanc"^' 
together in the rigid structure* 
characteristic of a^solid. 
They also learnedVtha t heat 
energy had-to be apso r b'e d b y a 
liquid in order to\.chX^g®' it 
into a gas. Thus tnfe^y devel^pped 
some' understanding about the dif 
ferences in -energ-y between a 
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TEACHING SEQUENCE 



•Where doQs the ice get this 
. heat energy from? 

Show the children a polyfoam 
cup'with hot water. Ask then) 
to tell you something about its 
properties after'one' or two of 
them have tested it with their 
f i nge r s . 

Put some ice into one of the 
aluminum f*oil cups'. 



^•Will the ice mel^if the foil 
dish and ice ^ar;e placed in 
contact with the hot water? 

Holding 'the foil di^sh with a 
test' tub4 clamp,, lower it onto 
the surface of the* hot watdr.- 

• Which can pi^ovide more heat 
energy, *the room' or the cup 
of hot 'water? 



« Hpw was thfe heat energy 
trans f erred? 



2 . Now show the class the 
other soli(ds--$alb"l , sodium 
chloride, iand- the paraffin 
shavings . ' 

• Can the bon^ds holding the 
molecules in the solid struc- 
ture *be broken--as they were 
in the ice? 
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solid, itsVLliq-trid, and its gas 
They a^rrived at the following 
genera lization^; a solid is at 
the lowest energy level, the 
molecules of its liquid pos- 
sess more energy, and its gas* 
is at the highest energy level. 

P^rom the room. 



They should be able to say that 
its. temperature is higher than 
that of the room'. They should 
also realize that it possesses 
heat energy . 



See page 1^1 for a description 
of how to itiake these cups from 
"aluminum foil, if you are not 
using muffin-cup liners. 



The ice pieces will melt 
rapidly and leave a pool 
liquid water. 



ve ry 
of ' 



There should be general agree- 
ment that the cup of' hot water* 



will 
heat 



be able 
e nergy . 



to trans f-er 'more 



You may want to sketch the pan:h 
on the chalkboard: 



Hot water. 



-> f oi L pan, 



i ce 



Reintroduce the term, molecule, 
to refer to the invisible ulti- 
mate particle of a. particular 
substance. Thisr^erm was first 
introduced in Graae 4, 
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MINISEQUENCE III/A<?tivity 1 / 



TEACH INd' SEQUENCE 



•How could you find put? 



This part of 'the Activity can 
be done by pairs of , chi ldren . 
Have them take three- measures 
of each solid from the various 
stations, place each in a foil 
dish and bring it b^ck to 
their work areas. 



The other child in the team 'can 
get about a 1/2-cup supply of'^ 
the hot. water in a double 
(nested? polyfoam aup. Then 
they should test each substance 
in turn on the hot water: Pick 
np each foil "boat" carefully 
with a clamp, and place Xt on 
the water. Do' not let any 
water get into the bqat. . 










^ i 











COMMENTARY 



The children will ^probably sug- 
gest placing the* solids in foil 
dishes and seeing if they will 
melt when placed on the hot 
water. 



Note that a measure refers to 
as much solid as can be picked 
up within the line marked on 
the wooden dispenser. . (See 
Rre^^ati/on for Teaching,) 

The child^ren qan pi^^epare their' 
ownaluminum dishes if foil " 
muffin cup Liners are not used,^ 
Give e^ch team 3. pieces of foil', 
at least 3 in. by 3* in. (7.5 cm' 
By 7,5 cm). They^can form a 
f la t-bottome^d dish by pressin^^g 
the 'foil against the bottom' of; 
a small jar, e,g. a 4-oz baby 
fpod jar. There shouLd be 
sufficient aluminum foil on the 
side wall^ so that the dish, 
when heated, can be picked up 
with a clamp. 



1 
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MINISEQUEr^CE III/Activity 1 



TEACHING SEQUENCE 



• What subst^ances melt in con- 
tact with hot water? 



•^What can you say at this 
point ^about t-he 's trength ^of 
the binding forces ,of the 
salol compared with salt and 
with paraffin? Comp^rexi with 
ice? 

Now suggest that the children 
take th^ bo-ats with ".the two 
subs tances ^ whiclOdidn ' t tnelt 
to the warm hot plate. Do 
they think this^ might be more 
effective thaft the hot water? 
L^t them try the 'two, placing 
the foil cups ^on the inverted 
cookie, sheet. 



Discuss *their oveirall ]%^sults: 

•How do the relative tempera- 
turesQ ofy the heat sources » 
compare ? , ^ ^ 



• How would you rein ]f^tk^6 dif- 
ficulty of meeting the four 
substances? 



Encourage the children to sug- 
gest possible explanations for 
the differences. 



COMMENTARY 



They will 
melts. but 
-the salt. 



find that the salol 
not the paraffin or 



^?he salol has weaker binding 
forces than salt, and paraffin, 
but s tronger. than iee. • (The 
ice can melt at room te'mperature 
but not 'the salol.) 



They may remember that k hot ^ 
plate was used to melt both the 
salol sand paraffin Ln Grade 4. 
,N*ow l34iey 'are to test only the 
paraffin and salt ^^Hvce t};iey 
found that- s^ol y^as already 
melted by the/not water. " They 
will' find thait the paraffin 
melts now but that the sodium 
chloride stall does not. 



The hot plate is at the highest' 
temperature , next is the hot 
water, arfd the room is at the 
lowest temperature . , 

Sodium chlorid^ is the ■har<^est 
to melt, paraffin i s„ next, then 
salol, and ice is the easiest 
t o me 1 1 : - , 

sodium chloride 4 

paraf fin 3 

^ salol ' ^ 2 ^ 

ice 1 

The forces binding the mole- 
cules in the sodium chloride* 
must be much stronger than any 
of the others, which can be ar- 
ranged in descending order. In 
other words the four substances* 
can- be classified on the basis 
of \heir bond strengths^ 
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MlNISEQUENCE ^III/Activi ty 1 



TEACHING S^UENCE 



3. Begin this Section by ask- 
ing the children if they can' 
think of a different way in 
which the salt could be changed 
fro.m a solid to a^l^iquid. As- 
suming that they/ will* eventual- 
ly come up- with the idea of 
adding water to the salt (pre- 
vipus experiences, in Grade 4 
indicated that water dissolves 
many materials), suggest th^at 
they ^set^ up an experiment to 
try. out their hypothesis. ^ 



/ 



Have each team get a supply of 
room temperature water in a 
cup. While one child does 
that, the other should go to 
the supply of sa'lt a^d put 
about three . measures o^ salt 
into a test tube. 



W^en they return to their work 
ar;eas, the children shouid add 
about 4 drcrppersfui of water 
to 'each tube and swirl the 
con*tents as well a s-^ they can. 
After swirling for 15 o\ 20* 
seconds, they srhould examine 
the tub^s and their content^* » 
Most, if not^all', of the solid 
pieces of sodilim' chloride Will 
have disappeared. 



i 



• Where »is the 
at this time 
changed? . 



sodium- chloride 
and how has it 



COMMENTARY 



If the children smuggest that 
the sodium chloride salt maj^ be 
liquefied by adding a liquid,^ 
you coul d f o*l 1 ow ap the i r \s ug- 
gestion casually^y a demon- 
stration. Use eitOier some 
aicohoi" or mineral/ oil as the 
*liqui'd. Pour aboi(t ong inch 
of -the "liquid" into an empty 
test tube and add about three • 
measurers of the sodium chloride 
to the . tube . Shake it vigorous- 
ly for 10 to'. 15 seconds. After 
the tthe is shaken, the children 
will observe that no salt dis- 
solves in the liqui d--:'th'e solid 
does not liquefy. ^Someone will 
surely suggest that something 
may be "the matter" with the 
liquid, or that the "proper" 
liquid'was n^ot useld! ^ 

If the question c s up, you 
might set up a test\tube con- 
taining^ 3 measures the 
paraffin shaving's and/or salol 
and add 4 droppe r s f ul \o f water. 
Al though the paraffin chips 
could easily b*e melted^ by the 
hot plate , and salol by the 
hot water, water is ineff-ective 
in liquefying 'them. < 



In taking a 
thBy should 
completely , 
in the wate 
and let ,as 
as possible 
up will be ^ 
ful in the* 
size droppe 
fill alDout 



dropperful of^ water 
9<iueeze'''^e bulb 
insert the dropper 
r,^ i^elea'se the bulb 
much water come up 
. * The amount drawn 
aibout l/4> teaspoon- 
re con\mended normal' 
r and will. probably 
1/2 the tube . ' 



'In swirling the contents of the 
test tube, they should be care- 
-fful not to spil^ material ^out . 

Help them to understand- that 
the sodim ariloride particles 
are' now moving about in. the 
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MINISEQUENCE III/Activity 1' 



TEACHING SEQUENCE 



The salt particle^ are now 
'somewhere in €he water. This ' 
may *be verified if the water 
is tasted'. (Caut^ion them^ how- 
ever, about tasting just any 
solution. Some may be harm- 
V^ul. • Table salt in water, of 
cours e , is not . ) 



.Help tiie chi 
for a reaso 
ofc the bre 
solid salt -when 
to Lt. Star€ 
information' *£r<Dm 




• What was pr^ 

tube that 
\ the fbi 1 -boa t?» 




n to search 
. explanation * 
down'jof the 
atl^' is. ^dded 
dr^wi-Tig ^ 
past a^^tivi'V' . 

V : 

t in^ the test; 
ot pres^pt in 



What is needed to overcome 
the strong binding forces so 
the particles c*an move out 
of the solid structures? 



COMMENTARY 



watejT. We shall ignore, ^^r 
purposes here, 'the f^ct*' that *•/ 
ih solution, units o3f sodium and 
op chlorine do jiot st^ay together 
as a "^sodium chloride molecule , \ 
but are in the form of indiv/- ^ 
dual^ioiT^ (electrically charged 
atoms) of sodium and of chlo- 
r.ine , * ' ' , 



If some children .suggest tl\at 
perhaps the water contained 
some J salt particles bef or^^nji , 
this can be*" explored by i^^Bat- 
ifvg the activity an<^ lett^flg 
the children ta>p4:e the water 
before. the sal^ is put in the 
tube. 




con- 



Thefy should redogni ze that the 
^'system3 in the tes.t; tubes 
talfT'^ coinponent, water,' th^it 
was not^reefent 'in tlje foil 



l^oa ts 



it* is Reasonable 



to ffLs*«ume ^that the water the 
secoftd cojnponent in the sy^s€em, 
is i^ntei^d?:ting with the salt 
^6nd^ '^^using^lt. to. liquefy"./'/ 



suggests ^ that heat 
the 'wa,t4S^ could sup-t^ 
ece^B^ary^ force' fog;^ 



If anyorf 
energy i 
ply 

separktin^ ^h^- molecules f^om 
each pther , ^pursiie ^this by ask- 
ing thVclas'^ to compare the ^ - 
amoAin^ of 'heat energy they 
think is In the., tes t tube * of. 
watery with *that' s upp lie d/b~5^^ ^he^ 
hot'nAat^.', Most'of the chil- 
dren/ will' quickly realize that 
mor^ heat energy was supplied 
by the J^ifcrt t^late. 
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MINISEQUENCE III/Activitjf 1 
/ 



ERIC 



TEACHING SEQUENCE 



Since the cold water was not 
able to tr-ansfer as much heat 
energy as the ho^t p.lnte., how 
did it cause the solid salt' 
to liquefy? 



Suggest to the children that 
the molecules of ^v{a^ter\jnight 

exert a strong attractive ^ 

force'on the salt molecules^in 
the solid. If so, how would 
the 'strength o'f^the binding 
force between the sal/t mole- 
cules in the solid compare 
with the strength of the force 
between the water and the **salt 
molecules? Are they equali^ 
strong? If not, which would 
seem to be stronger? 



4. A't this point, suggejst that 
the chi Idren * take a closer', 
look at , the process by which 
the solid salt liquefies. in 
water. H^ve each child carry 
a Wcroscope slide to the sup- 
ply^ot table salt and place 
several crystals on the slide. 



Have them vi^w the salt with 
the magnifying glass* at first* 
If it has three different 
power lenses, use all three. 



How wooisa 
solid? 



you descri&e, the 



COMMENTARY 



Since the heat enei^gy of the 
water canno^t be used to ^e'^xplain 
the breakdown- of the solid 
structure, it/is reasonable to 
assume that some property of , 
water might be^ responsible for 
the effect. 



You may want to refer tq the 
model of A solid developed in^ 
Activi^ty 2, Minisequence .^V of . 
Grade 4. ^ 

- m ' 

The children should be helped 
.to see' that the attractive 
forces between water and salt 
molecules must be considerably 
stronger than the binding forces 
within^the*^ solid itself. In 
Minisequence II ""of Grade 3, 
the children found that an ob- 
ject moves from rest wher> the 
forces on it are unbalanced, < 
In this -cas.e^ jwe caji say the 
attractio^i between wat^r anS ' ^ 
salt molecules is greater than 
the forces holding the\mole- 
'cules in their position in the 
solid, Vjgt4 thus they aire pulled 
out of-^cfie solid'. 



9 



The tablejsalt need not be pure 
here, as no solutions will be 
formed. However it should' be 
in-the form of cubic cr/stals. 



TWfe* children will undoubtedly 
noc^i ce the regular shape of the 
tiny pieces of salt. Introduce 



\ 
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MINISEQUENCE Ill/Activity 1 



TEACHING. SEQUENCE 



• What kind of crystals doe,s 
sodium chlor'ide form? 



Now have them-place the slide 
on the stage of the microscope, 
being su^-e/that the salt 
crystals, are under/the objec- 
tive. * Usin^ the techniques 
developed in Minise'querice I, 
th.ey can get one^ of the 
crysta'ls into the- field ^ 
vision by slowly shifting the 
slide. The^ fpcas can then be- 
.^ad j us te d . » • 



• What do you see now? 



^ r 
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COMMENTARY 



the term crystal Jiexe 
are solid forms which 
plane surfaces and 
angles w^here, the 



Crys Ja3j^ 
h^ve; 
distinct 



surfaces meet. 



Sodivfm chloride forms cubic 
crystals; all the sides 'meet at 
right angles. .(-Some child^nen 
call them liJbtle bcSxes.) TKey 
will also note that crystals 
reflept light from the flat 
faces. They m^-recall from 
earlier Activities, that dif- 
ferent substances will hav^e-dif- 
ferent crystal shajJe s . ^ 




The cubic ^shape o*f the salt i 
will be v;e.ry well defined. If - 
some children are ab serving 
imperfect crys;ta 1 s a t least 
they will see Js*ome sharp edges 
at iright angleVr-^ You may want 
to ^r^view what they learned 
about the effect of ^changing 
the lighting as, 't^ey view crys*; 

als. .If viewed. With the light 
cpming 'from beloW/ thfe crystal 
appears dark against S:he light; 
however, if they shifjt the mir- 
ror, they can get light in from 
above and the cry s ta Is app^ear 
as light cubes afgaiast a"" dark^- 
background.* ^ When ^e focusing 
mechanism is moved up and dbwn^ 
some pa^ts of the crystal* go 
out of fo'cus and 'Others -comd 
in. The children shcTuld* see 
.the 3-dimensional quality of 
the crystal. * 



I 
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MINISEQUENCE III/Actiyity 1 , 



TEACHING SEQUENCE* 

• What could account for tha 
regular geometric shape of 
the salt crystals? 



^ • What do you "think will hap- 
pen if you place a drop* of 
* water on the slide? 



Suggest that the childre^i get 
a small supply of water in the 
unit-measure cups ^nd obtain a 
medicine dropper. As one child 
"Views the crystal in the ^s><^e , 
the other child should put one 
drop of water on or near the | 
c^rystal sq$ that the edge of 
^tlre crystal is in the water. 
After the -first* child observes , 
-this action, the second can 
_view his or her own slide 
while the first adds the water. 



While they are *at it, have the 
children observe the dissolving 
action on another type of 
cry s tal-,-on6 which is colored. 
After they wash off and dry 
the ^lide, give each child a^ ' 
few very tiny crystals, of 
potassium permanganate. 



Again have them; 
solving action. 



yiew the dis- 



COMMENTARY 



The salt molecules making up. 
the stru^cture of the solid may 
be ^'h eld toge tidier in a regular 
geometric pattern, (See Acti- 
vity 2 of Minisequence V inx 
Grade 4 . ^ 



Encourage answers and i;easons 
for their answers. Based on 
their experiences, some children 
may say that the water will 
♦pull out the salt molecules 
from the crystal. 

The children will observe that 
the sharp edges of the cubic 
crystals will start to be 
rounded off, - Some swirling 
action of the wate^ will be ' 
noticeable. The overall effect 
is that of activity in th^ sys- 
tem a? the water interacts with* 
tl\e sal t , ^The swi^rling motion 
is p.robably due to currents se't 
up in the^ water as a result of 
dropping it On fhe glide, and 
to any temperature differences. 
Also, as the salt dissolves, dif- 
ferences' in salt concentration 
will occur near the, crystal and * 
farther ^way. These differences 
will result 'in' wh-at appear to fc^e 
streaks in the clear liquid. 



Since the^children might stain 
-the-ir fingers , it is advisable 
that you put the crystals.^n 
the slides for th^m. 



Be sure the child 
single X t^rty' cryst' 
crystal is- too la 
water is'adde'd tb 
so tens_e as to 



is viewiilg a 
1,, If' the ^ 
ge , ' wjien the 
cqlor may be 
mask tlte 



action, ^his cry5.tal results 
in very -dramatic scenes, A. 



purpl e solution 
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res ults--clear 
l37« 
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MINISEQUENCE Ill/Activity 1 



TEACHING SEQUENCE 



"As they obseVve the purple 
solution form, follow similar 
discussions as with the, salt. 

What did you observe happen 
. to each solid (potassiui^^ 
permanganate and salt) when 
water was added to it? 

Through discussion, help the 
children to recognize the 
analogy between the dissolving 
and the melting process, A 
liquid in both ca^es formed 
from a solid by an interaction, 
/in melting, "it is an inter- 
action of a single substance 
with heat energy; i^j making' 
solutions it is an interaction 
between two s ubs tance s--h6re 
a salt and water. See if the 
children can distin,guish this 
difference between the ^wo. 
In each cas e ," howe ve r , the 
molecules in the solid are 
freed from, the binding forces 
and become more mobile .as a 
liquid . . . '-^-^ ^""^ 

• Which has more 'ene rgy /' the 
solid or its liquid melt?. 



• Which has more energy, .a 
solid or its solution with 
water? 



COMMENTARY 



but colored. Because of cur-"- 
rents in the liquid, the color 
wi-11 b-e seen ^o spread out in a 
freely flowing manner — emphas- 
izing the mobility of liquids; 



in bo th ' cas,es , ^ the pieces of 
solid gradually -became*, smalle^ 
as they became part of the ^ 
mobi le liquid . 




Th'e liquid--heat energy is ab-' 
sQrbed in the process of melt- 
ing, 

^Let the' children speculate 
about the answer* to this. They 
will ba arriving at somre answers 

'in the next Activities, But i*t' 
is hoped thar't some may*hypo-. 

' the size that'^since ^J.iquid 
solution moves mo're freely than 
the, solid from whic^j it was* 
forn^d, the liquid here also ^ T 
will have more energy.- ' 
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MINISEQUENCE II^/Actiyity 1 



EXTENDED EXPERIENCES: « " 

« 

X. For those . children interested in observing more solids dis- 
solve as viewed under the microscope, give them some crystals. of 

, salts which they will work with in t'he next Activities. Let 
then# observe the epsom salt needlelikeV crystals , or the rhombic 

.hypo crystals as they dissolve. Their .interaction wrt th water 
will be, very similar to that of sodium chloride. if you have 
^mall crystals of copper sulfate, hydrated b lue'- cry-s tals , the'y 
are alsp very effective. Caution the children, however, that, 
they must not touch this last chemical: Handle it^ as you did 
the .potassium pe rmangana,te . 

2. If you have e-nough slides so that the children can have one 
•for-e^ch of the crystals, an interesting extension for them 
woul-d be tq let the water evaporate. Before you do so, when 
they discuss whether the salt molecules are really in solution, 
ask if they can be sure they are there", m the case of the • 
potassium pe r mang^ana te they can s^e the color, but not^ith the 
sodium chloride. On drying, they will obtain beautiful cubes." 
of sodium ch lori de , e ve n if they didn^'t: have perfect on'es to 
start, with. With the potassium permanganate, it is even. more 
dramatic. Beautiful needles form, ,and they can see the purple 
solution being suclced up into the rigid needles, which are dark 
and shiny. Even-tually all the cplored substance reappears in 
the needles.' After drying, the children can follow the dis- 
solving process again ^with the crystals th-ey have made. 
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MINISEQUENCE Ill/Activity 2 



Activity 2 Tt^aDisappearance of Heat Energy 



Both melting and dissolving are changes in the state of matter. 
When solutions form, however, it is the result *of an interaction 
between two subs tances--s uch as^ water and a salt. ' Thus, th.e 
liquid contains not one, but two. cqmponents'. In this Activity 
th« childre-n discover that in addition 'to the attractive force 
(interaction) between ,w^ater and salts, heat energy also plays 
a role as the salt dissolves. When they" investigate five dif- 
ferent kinds of salts, they observe that the tempe.rature of 
e-ach salt-wate-r-^^s tem drop^ as the, interaction with water takes 
place. The children find that the interaction of the five salts 
with water varies with respect to how m.uch will dissolve (in the 
same ( anvoi^n t of water), and'how much the temper'^ture is low'ered. 
In al^ cases, however, heat energy seems to disappear--appar,ent^ 
ly it is absorbed during the process of dissolvi,ng. This ab- 
sorption is related ^o the breaking of the bor^s holding the 
salt molecules within the solid, as with the uniting process. 
The children a*rj5^ed'to the concept that Jthe added heat energy 
is then pre^seht in ^he more .energetic molecules of*the liquid 
solutions. In Activity 3 tt^ey will investigate the prop.erties 
of some of the solutions m greater detail; preparing them for 
the final Activity where they will observe the release of the 
ab.sorbed heat energy. 



^'Mi^TERIALS AND EQUIPMENT: 
* Fo r the class: . 

2 ^containers, polyfoam^ approximately 3-qt (3-'liter) 

ca^paci ty " ^ - • 

a supply of the following salts (about 1 cup of each) ^ 

sodium chloride, p-ure , or "kosher" salt* * ' 

^ ammonium alum (so3^d in drugstores)* * 

sodium thiosulfate, crystals, "hypo" (sold i,n photo- 
graphic sup'ply stores)* 

ammonium chloride, (Sal Ammoniac)- (sold ijfi 'drugstores 
.orhardwarestcJres)* 



magnesium sulfate crystals, "epsom salts", (sold in 
drugs tore^s ) * ' . * 
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MINISEQUENCE Ill/Activity 2 



6 containers, wide-mouthed for the saLts, e.g., short olive 
3ars, cottage chees-e container's-, mugs, plastic bowls, etc 

5 set-ups for rinsing thermometers 

supply of 1/2-tsp measuring spoons ^or each co^ntaiAer. 
The commonly available plastic spoons sold in packages 
usuallyholdaboutl/2tsp. 

* ' f 

supply of wooden splints or pbpsi'cle. sticks near each 
container 

magnifying glasses and microscopes (optional) 
For each child: ' ^ , * ' . ( 

pape r towels ^ 
1 cup, 5-oz to 8-oz (150-ml to 240-ml) for water supply 

6 or more cup^ , 1-oz (30-ml), waxed paper or plastic 
1 ^ m^dicin^ -dropper (It should release 1/4 tsp) of liquid) 
1- thermometer, -20**C to +50**'c 



pieces yt paper (pptiohal) 



1 Worksheet III-L 



^ 0- 

*Each of the five,sal£s can also be ordered' from chemical supply 
.houses, such as Cenco. (See Preparation f or ::T^aching and the 
Materials and Equipment Section at the end- oil'this Guide.) 



PREPARATION FOR TEACHING: \ I 

For Part A, prepare a supply of w^ter at a temperature close to 
Jhat of room temperature, 20*C to 25^C, in the two large poly-' 
foam containers. Children will -take about 1/2 cup as a "supply; 
to be u-sed at their work areas. Leave the supply of 1-oz cUps 
thermometer^ , ^medicine droppers, and water-supply cups in another 
location for the children to help themselves. 

Obtain hypo from a photo supply store. This quality gives best 
resudts.. Put the "hypo" out in several squat containers in 
different lo<?ations. Leave spoons and* flat wooden sticks near 
it so children can help themsleves to a level :l/2 tspful. No- 
comparirSxjn in behavior between salts is m.ade Part A, but they 
c'an use the practice in^ measuring out^ standard^ level quantities. 
In. Part B, it will be important that the. same ambunt'of salt be 
taken in each cas^. ' ' \ 

urn * * 

153' > \ 



MINISEQUENCE III/Activity 2 



If the plastic, backing on the 
thermometers extends below the 
bulb, it may be de s i rabl^s^^^^^/J ^ 
cut it off so that the bulb 
can sit as far down in the 1-oz 
cup as p/Ds^ible. The bulb 
must.be immersed in the mater- 
ial whose temperature is l?&ing 
read. Shortening the backing 
will also- minimize the amount 
of salt to be used- You can 
use the samecut^off thermom-, 
eters .for the remaining acti-' 
vities-"-or for any activity. 
The extis;^ backing merely pro- 
tects the bulb. Grade^ 5 chilr 
dr'e^n* should be able to exer- 
cise t'he ca'ution necessary in 
working with these altered 
thermometers to prevent! break- 
age - 



cut here 



10 rf 



,F*or Part B, set up four separate stations where a supply of one 
of each of the four salts is made a-vailable. Using different 
locations avoids any possibility of confusing o.rie salt with an- 
other^ Place each in one or two squat containers and laHel them 
with numbers 1 through :4.> and, if you wi4h, with the name of the 
salt: sodium chloride, Jattnmori^um alum, ammonium -.chloride; and. 
magnesium sulfate". Kosher-style sodium chloride is called for.-^ 
It i\a? no ad'di*tive to m^ke it "free flowing')" which results in 
a cloudy mixture in v<at.§^r. The hydrated magnesium sulfate . 
crystals, commonly called epsom salts, srhould not be dried out. 
Keep it covered vhen np%in use to avoid its drying out in %he 
""room. Some v^arieties B'g^id *in drugstores may be dry; therefore, 
you may have^to obtain ©le salt from .a chemical supply hpuse, 
(If you use partially 'dried material, instead of a^ecrease in 
temperature .there will be a rise when it is added t# water. Thi 
is due to the heat liberated as the sal t ^rehydra tes--a point ' 
which the children will investigate ih Grade 6. This mus-t'be 
avoided at~ the present stage since it would interfere with the 
desired conce^ptual d^Mijfopmen t . ) All the salts recommended for 
investigation "^n* thi^fli|Pnisequence exhibit "negative" -heats of 
solution. That is , they absorb heat energy when dissolving* 
For this reason, if you decide .to haver the children .tes t some 
sodium acetate crystals also, be s^re to use pure, hydrated 
crystals. , ^ 



Provide 1/2 tsp dispenser spoons and wooden levelers' next to 
eacli salt container. Ag^in, have the •s'upp'ly of 1-oz cups, 
droppers and thermometers available. Provide a supply of rinse 
water for the titer momete rs . • Since the children will be testing 
at least two systems, the t{ie rmome t e rs must be rinsed clean 
between each test.* The reason for ^the rinsing is to avoid con- 
tamination of one salt with another. ^ 
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MINISEQUENCE III/Acti^ity 2 



ALLOCATION OF TIME: 

The cTiildren will need about 1-1/2 hours to complete this 
Activity. 



PART A 



TEACHING SEQUENCE 



1. You might briefly review 
the concepts discussed in 
Activity 1 by 'asJcing the fol- 
'lowing questions: 



•'What overcomes the binding 
forces between molecules 
during melting? 

•If a solid becomes a liquid 
when mixed with water, what 
forces overcome th^ binding 
forces? * 




• Do you think .tha't heat ener^gy 
would be needed for ^such a 
process? If so, whAt do you 
think might happ^en to t^e ^ 
temperature of water as a 
salt dissolves in it? 



COMMENTARY 



If there is a long lapse 
the finish of Activity 1 
the start of Activity 2, 



be twee n 
and* 



r e VI ew 

these points wi-tTi the class -in 



greater de t^uij/ . 
Hea^ energy . ' 



It has been • suggested that the 
attractive forces between the 
water molecules and the mole- 
cules of the sblid cause it fep 
liquefy. Some children may sug- 
gest as- an analogy the concept 
^^of."work 'as defined in Minise- 
quence II. *They^may see that 
the force between water and the 
molecules *of salt in ^the solid 
may be acting through a dis- 
tance (F X D) .as 'the salt mole-^ 
cu^es go into solution', and thus 
work is being done. This is 
a reasonable analogy and should 
be accepted if children offer 
it; but .you should not introduce 

/- " ^ 

Encourage the children to ex- 
press their ideas. Answers 
might range- from ^'nothing" to 
"its going to get* very hot;" 
However, some children may rea- 
son that if bonds are bein-g 
broken, energy .is being used-- 
by applyi.ng the same reasoning 
they used in explaining -the loss 
of heat energy units (h.e.u.) 
in Grade 4, Minisequence V« ' 
Since some children may not 



have 
14 3 
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MINISEQUENCE III/Activity 2 
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ERIC 



TEACHING SEQUENCE 



-i^ggest* that they try to find 
out what happens to the* temper- 
ature of the water. Have each 
<!;hild g-et-a supply of water 
from the reservoir. He or she 
can use one of the 1-oz unit- 
measure cups. Each child will 
also need a the rmome te r / a 
medicine dropper and two addi- 
tional small cups (or, 1 cup 
and a small piece^ of paper) . 

The children shou Id the n each 
get a sample of the white 
crystalline salt, called ^ 
"hypo." They should measure- 
out a level spoonful usi^ng 
either tHe 1/2- tsp. meas ur e or 
the small plaatic t^easpoons 
and plape this meas.ured amount 
of salt either in a small, dry, 
1-oz cup 6r on a piece of paper 
and carry it* back to their 
work areas. 



• How ^oes this salt compare * ' 
in appearance with the sodium 
chloride? ' 



Naxt, the phjLldren should put 
into an empty 1-oz cup, six 
droppersful of water from' 
their sUpply. See if the 
children realize that the next 
step wouj-d be >to measure and * 
record the temperature of this . 
sample of water before th^ salt^ 
is added. 

Then, leaving the thermometer 
in place., have th^em allow the 
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COMMENTARY* 



experiences this, or in any 
event did so many months ago, 
do not press for the "right" 
answer . 



The hypo will usually be in the 
form of much larger crystals. 
Some children may eve^ wapt to 
view them under their micro- 
scope's and repeat what they did 
inr Ac.ti vi ty 1 by adding a drop 
of water to a crystal of the* 
s a ^ t . 

They can measure out the 
droppersful* of*"water as they 
did^ be fore . . 
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MINISEQUENCE III/Activity 2 



TEACHING SEQUENCE 



hypo salt and water to inter- 
act. They should pour the 
sample of hypo into, the water 
and use their thermometers to 
gently stir the mixture: 



• What appears to be. happening 
to the sa It? 



• What is' happening to the 
temperature of the water? 

•What was the temperature of 
tfhe water before the salt > 
was added? 



• *H'ow much did the temperature 
of the system change once 
the salt was added? 



COMMENTARY 



The cup , or the 
can very easily 
pouri.ng aid for 
mixt^ire must be 
to prevent 
mome ter . 



piece of paper, 
serve as% a 
the salt> The 
gently stirred 



'breaking 'the ther- 



Some .or most of 'the salt is dis 
solving. With this ratio of 
water to salt, all will dis- 
»solve in time--particularly if 
the system warms up to*room 
tempera ture on standing. 



It IS decreasing, 



The .water was at room tempera- 
ture . ^Since eye ryone_ took the. 
s amp le of water from the same 
reservoir, the readings will 
be very close. • If the're are 
slight variations, you might 
encourage suggestions as to why 
Some variations may be attri- 
buted to the error of^^epro- 
ducibility--^whidh^ has been dis- 
cussed in^ Minise^quence Ii. 
Eirrors may also be attributed 
to how the child, read the ther- 
mometer or to the** instrument 
(stem slipping, etc.) In read- 
ing the temper a/ture, be sure 
1 that ^he bul/b i s comp le te ly 
immersed, and the child's 

eyes are on ^a l^i^l witV'the 
liquid level in th^a^stem of ^ 
the thermometer. 



Have the 
findings 
will be alike 



children report their 
Not all readings 

In addition to 



errors in .the measurement of 
temperature, the ^children may 
have put slightly different 
^amounts of hypo into slightly 
different amounts of water, 
which would yield different 
final temperatures. Different 
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MINISEQUENCE Ill/Actiyity 2 



TEACHING SEQUENCE 



• Hold* the cup in your hand, 
What do you feel? 



Focus the discussion on the 
temperature 'idf: the system be- 
fore and* af ter| the two com- 
ponents^ were Carded together. 

• If; the tem^^atu|:e dropped, 
what" can w#T' layabout the 
heat energy^of t^e solution?^ 



ERIC ] 
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COMMENTARY 



crystal sizes woulc^ also mean/ 
more or le.ss hypo in the 1/2 
teaspoon . 

A typical res^ult is: Using 
2S^C water, the temperature 
dropped to ll^^C when 1/2 tsp of 
hypo was added to six dr oppe rs- 
ful^ 



The dup will feel quite cool. 
If some children are still not 
convinced that the tempera ture 
went down, or expect any water 
sample to feel as cool, they 
can put a fresh sample of water 
in another cup and fe^l it; if 
some think that the salt was 
cold to start with, have them 
check the supply with a dry 
thermometer ♦V,'' 



You 



may wan^to record the 
temperature,^hange found by a 
number 
board , 



of cl^ldren ojf the*, chalk- 
^nd Me^rage thep." 



Heat energyMas absorbed in the 
process of joking the solution. 
Reca 11 the cT ncepts on he'a t » 
energy whicvh^were exte^nsively 
developed ing^Grade 4. ' They' 
should recogrii ze that heat 
energy depends not only on, the 
temperature of a sampLe 'bu't 
also on the amount of the sam- 
ple. In comparing equal-'sized 
samples ^ like 'the ones they use 
the temperature alone Would be 
a yardstick of the heat energy. 

If they 'ap^^ar to have some dif- 
ficulty with thi's question ask 
them what tKey would have to do^J 
to bring the temperature back to 
that of the original hypo and 
water (e.g., 25°C). Their res- 
ponse's should include the state- 
ment that you would have to heat 
it> or, more precisely, pl^ce 
^it in contact with a source of 
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MINISEQUENCE" Ill/Activity 2 



TEACHING SEQUENCE 



Help the ildren to recognize 
that some heat energy seems to 
be "lost," as indicated by the 
fact that the temperature of 
the solution is much less, 

••Where is the "lost" heat 
enexgy ? 



2, Now ask the children to re- 
call what happens to the heat 
eYiergy o'f a sample of ,water 
when a piece of ic^ is added. 




COMMENTARY 



heat energy ^so that heat energy 
could be added. 



Most children Will recognize 
that this los.t heat^energy was 
being "used" as the "salt was - 
dissolving becaus'e that was ^ 
when the temperature dropped. 
Some children'may suggest that 
the heat energy was lost to the 
surrounding air. This is"* par- 
partially true but it is also • 
true that t;he salt, which was 
brigihally at ^oom temepratuqe, 
added some of its own heat 
energy to the totals making up\ 
the mixture ! 



This, is a review of Activity' 1 
of Minisequence V, in Grade 4. 
•The "loss" of heat energy^ as 
the salt dissolves is directly 
analogous to the "disappearance 
of heat energy when ice melts 
in a sample of water,' If \the 
children have not had the Grade 
4 COPES expe3;:iences , including. 
Minisequence II of the Water 
Mix, they probably will-not be 
prepared to make this analogy. 
In that case you may want to 
prepare them for doing so by 
th'e following Activity; Have 
them add 1 oz of iced wa\er (a 
close to 0**C) to 1 oz of room 
temperature water , like .they 
have been us^ing, 'and recofd its 
temp/erature ; then have them' add 
1 oz of crushed ice (at close 
to 0**C) ^to d oz of room tempera 
ture water and record the tem- 
perature again. In the; lattser' 
case, the temperature v/ill be 
much lower. Again, heat energy 
seems to be " mis s i ng" --i t is 
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TEACHING SEQUENCE 



• What is the heat energy used 
for jjfi melting ice? 

>Is there any similarity 
between the melting of ice 
in -water' and the dissolving 
of hypo in water? ^ . • 



Compare the situation here in 
the salt and watex* with what 
happens 'when he^t 'energy inter- 
acts with ice and . tr ans forms 
it into a liquid. 



f 



In summarizing, help the chil- 
dren to make the jump to the 
understanding that the "miss- 
ing" h^at energy was^ added to 
'the energy of the more freely 
moving dissolved salt mole- 
cules,^ just as it was to the 
more freely moving molecules 
o'f watex, or paraffirl, or any 
other melts they observed. 



Part B 



The children have now seen what 

Happens to the temperature of 

>water when a salt is added to 
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>1INISE<}UENGE III/ActivilTy 2 



.^OMMENTARY 



' absprbed in the process of^ j - 

liquefying the solid -ice. ' 

To break the bonds holding the 
water molecules in the solid*^ 
structure . 

In both ins.tances, a- mobil^e^ 
Idquid was formed from a rig/d 
'solid,' Help the children 
-realize that >7hen water' was 
present -with the salt, the at- 
active force between the t;wo 
kinds of molecules pulls the 
sal t^molecules. away from the 
mass of solid, material. As a. 
result, -tl^e salt'.par'ticles, or 
molecules, ^ have greater ^ ^ 
mobility; the.y move, abdut much 
more f ree ly * ajjong the liqtiid 
water^ molecules.- 

Again, as the molecules of wa- 
ter in the ice structure are 
freed from th% bonds , holding 
them, -the water molecules t^en 
can move a'bout much more ftjceely. 
IiV fact, one might eVen sa|r 
that solid ice "dissolves" \in 
li-quid water. 



r - 
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MIN];SEQUENCE -III/Activity 2. 



j*EACHiN<; Sequence 



•Do you think it would make" a" 
di f f erence' in the temperature 
that the *salt-water system 
comes to if the'water were . 

. added to the salt, instead of 
vice versa? 



For trhose who wish to do so, 
suggest that th-ey try making 
another mixture of hypo -anar 
water, using the. same ainounts 
as they did before, but' this 
time adding the water to the 
salt. ^ 
J 



\ 



•On the basis of your results, 
would it be' safe to say that 
the ' temp-erature of a salt- 
water system goes -dowa a% a 
result of tjjf interaction of 
two substances? ^ * 



the 



be 



Tell them that vthey will now 
able to see what happens to 
four other salts wh^en each is 
allowed to. interact with some 
water. Poin.t out the-.di f f e r en t 
salt s uppl ie s • 

The children ca^n work in teams 
of two.^ Each team should ob- 
tain 4 small dry cups, 1 5-oz 
to 8-oz cup for a silpply of 



COMMENTARY 



At this time it will be diffi- 
cult for the children. to pre- 
dict. They may suggest it 
makes no difference, since both 
the salt and the water are thel 
same temperature. 

The intent here is to lead up to 
to simplifying the procedure 
somewhat s^'o that they can obtain 
supplies of salts and then add 
water to the salts . in part A# 
it was important for them to 
focus attention on what was 
happening to the temperature 
of the water. Thus, they had 
to add sait to the water in 
Y^eir initial experience. 



They should observe the same 
order of temperature decrease. 
(Be sure that the thermometers 
are rinsed before proceeding. 
Advise the children that they . 
must always rinse before test- 
ing a new system, to avoid con-, 
taminat^on • ) 



See if the children realize 
that they have no grounds for 
a generalization because they 
have tested (bnly one "salt"*-- 



hyj)o . 



At this point, set out the 5-oz 
to 8-oz>, cups and the remaining 
sa^>ts, numbered 1 through 4, 
in their respective containers. 



ERJC 
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MINISEQUEftlCE Ill/Activity • 2 



TEACHING SEQUENCE 
\ ^ 

water, 2 medicine- droppers , -2 
thermometers, 2 paper towels, 
and Worksheet III-l, 

Haye the teams number the four 
drV cups to corresponii ^to the 
salts th^y will be taking. 
Then each child in the team 
should take two of the cups 
and place a level 1/2 tsp of 
the labeled salt 'in the cirp. 



COMMENTARY 



They must be sure that cup 
labeled 1 has the No. 1 salt 
it,, 2 the No. 2 salt, etc. 




When they have their salt "sup-, 
plXes , they should brirfg the 
cups back to their^work 'areas 
and place them on *a V>i-^e of 
paper toweling. Before adding 
water to ea<A salt, encourage 
the children to observe each 
one and -describe its appearance 
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WORKSHEET III-l 



/ 



Name: 



- ■« — ' 

i • . ■ 


C? TV T> m 

S AIjT 


TEMPERATUjRE OF, THE 
, SALT-WATEk SySTEM 


L» n HlN vj C* X IN 1^ . * 

TEMPERATURE^ . 

WITH TIME 
> • 




Start- 


Finish 






'-s^ 




\ 


2 • • 


— - 








3 

\ 


V 




• ■ " 

*^ 






» 




- f 


c ■ 


1 


a 




^ 


— 1— 

c 

? 


■ / 




» 3 




* 

V 










» * * 


f ' ' ' 
r 

4 


/ 






r — I — * 
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MINISEQUENCE III/Activity 2 



TEACHING SEQUENCE 



•*^D the salts look alike? 



As beforeT they should measui^e 
and record the temp^ature of 
the wa te.r s upply ( and dry 



'salts / if they wish) 



Then^ 



each child should add six • 
droppersful ,pf the water/ to 
one of his or her two^ salts, 

.insert *the thermometer, stir 
^gently, and^ note the tempera- 

-ture on the Worksheet. When 
it no longer changes / he or 
she should read and record it 
again, A*fter they have tested 
one 
off 



salt) they should rins-e 
the thermometer and test 



the second salt, 
teams share the 
each child will 
what happens it^ 
four salt-water 



Be sure the 
dat^, ^o that 
be awart of 
each of the 
sys tems . 



COMMENTARY 



They will all be white' 
more powde ry than othe 
this p^nt it might be 
riate to ^Ive triem the 
name for each. 



/ some 
rs . At 
appr op- 
common 



7 



Some typical results^are listed below: 



SALT 



TEMPERATURE OF THE 
SALT-WATER SYSTEM 



Start Finish 



CHANGE IN 
TEMPERATURE 
WITH t/ME- 



<|^SE^yATlQ^NS • > 



1 Sodium 'ch]forid^ 
(table salt) 

2 Ammonium chlo- 
'ride - 

3 Ammonium alum 

4 Magnesium jpul-- 
fate (epsom 
salts) 



2 5.^ 

25' 

25' 
25' 



24° 

23' 
20' 



1.** cooler 



16° cooler 




a lot of salt left 



ftDme salt left 



a lot left 

« *\ 

very little 
(eventually disr 
appeared) 



r 



If ^di .urn aicetate was Bested* 
tigigy would have ob se^vei", in a 
typical jtest, tha t ^^tlTe^empera-. 
ture of /the water dropped from 



Encourage the Children to dis- 
c'uss their results. 



ERLC 
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MINISEQUEN.CE III/Attivity 2 



TEACHING SEQUENCE 



• Did all the salts behav 
the s ame manne r ? Did the 
systems all decrease in 
temperature by the same 
amount? 

• What can we. say about the 
heat ene2:'gy needed to^assist 
in dissolving the salts? 

A schematic representation of 
the events , such as the one 
shown at th^ right, may be use- 
ful in the ""dis cus sion • Em-, - 
"phasize that heat energy from 
the system is absorbed in the 
formation of the solution, and 
point out that the solution 
contains salt as well as water 
in the liquid state. 



Did all the salt-wateo: sys- 
tems act in the same way in. 
other respects than hea-t 
energy? 



• What happened in the case of 
the> hypo? 

•Although there are differ- 
ences/ was heat energy ab-,/ 
soirbed as dissolving took 
place? 



ERLC 



COMMENTARY 



25^C to 16^C with almost all ^ 
t^ salt /dissolving'. Room has 
be§^ left on the Worksheet' for 
including this substance. The ^ 
children could also add tAe re- 
sults of their investigation of 
hypo- to the 'Worksheet. 

The children m^y.i*^spond-that 
all tl;^e systems decreased in 
temperature, but sbme moi"e than 
others . ' ' • , 



Some systems used more heat 
energy than^others. * 



EXCESS 



SALT 
/ 



SALT-WAT 
.SOLUTION 



heat energy 
absorbe d 



^SALT 



WATER 



You might wish to display 
the above on oak 
s c h e ma t i^'c can be 
in Acti vi ty 4 . ^ 



tag , 
used 



as this 
again , 



Some systems seemed to have' 
dissolved more than others.. 
For instance, in the case of 
the sodium chloride, there was 
a lot of salt left in the cup 
af'ter tempe r a tur e ^s t oppe d 

going cJown. The same^was true 
of the ^.um. >^ Very little ep- 
som s a 1 1 w^Ps le f t . 

It all seeirfed to dissolve--or 
a.t lea^t most .of it. 

Yes, in all/cases investigated 
so far, heat energy appeared . 
to be absorbed. (Some salts 
show ^a r.ise in temperature when 
dissolved. They will be inves- 
igated inN^rade 6, Minisequenoe 
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MINISPQUENCE ttll/Activity 2 « 



TEACHING SEQUENCE 



Where is this absorbed heat 



' energy? 



COMMENTARY 



By now, the children should 'be 
able to infer 'that the absorbed 
heat energy Is present in the 
freely mov^ing molecules which 
make up the liq^i d solution • 

Have them save the cup wath *the 
sodium chloride for Activity ,3, 
It can be cohered to retard 
evaporation, The^ other solu- 
tions can be discarded and the 
cups and th'ermome ters rinsed 
for later use* 

You may want to admir>i s ter the 
first Part (9 items) of" the 
Assessments after* you have ,com,'- 
pleted Activity 2. ^fhis will^ 
break up the work for the 'chil-- 
dren and allow you to assess ' 
their progress so far., . , 



EXTENDED EXPERIENCES: ' ' . " 

Some chi^ldren may be interested in .seeing crystals of the salts^ 
re-form from the solutions they have just made. Although they 
have performed some r^cry'stallizations in earlier grades, it 
might be opportune to repeat this noW, 'They can wbrk with the 
solutions of sodium chloride, magnesium sulfate, and ammonium 
'.chloride, which will form cubic, rhombic and needlelike crys.tals 
respectively. Ux^s^^^^t have them recrystalize either the hypo 
or the sodium acetatl* since they may "supersaturate" and not 
refonn 'crystals* readily . This would interfere with what will be 
developed in subsequent Activities*) If there is to'o little 
solution to work with, they can make more solution, but. use the 
s^ame ratio of salt to water. For instance, the 1/2 tsp of salt 
plus six drapp^rsful of water would correspond to about a table-- 
'spoon of s^lt to 1 oz (30 ml) of water. They can d-ecaht ^ Jpour 
off) the liquids and set them as ide f or ^cry^ tals to form. (Note 
that in carder to obtain reasonably large Crystals, the children 
mus^allow only the clea^^sxrlutions * to "dry." The presence of 
extr# undissolved solid m&y mean that only very tijny crystals 
will form.) Some crystals may appear within the hour if placed 
on a slid6^• -some will do so overnite. "Drying" time- is in- 
fluenced by such factors as the temperature and relative humidity 
of the ro'om. 



A convenient^ way for them to evaporate the solutions is to in- 
vert aisquat plastic cup sold as an "old fashiofted" glass, and 
put a drop or two of solution on it. The bottom of. the cpps 
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MINISl;6o4^CE lII/Activity 2 



usually have 'a rim and retain the liquid. ' Since the^ cup is 
transparent/ the resulting crystals will J^e readily viewable 
with the magnifying lenses. Some chi Idrati m^y want to place 
them on a slide and view them with their )pnicjoscopes . ^ 




T 
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Activity 3 Some Properties of Salt-Water Solutions 



In this Activity the children investigate th^. properties of a 
saturated solutionr-one which contains as much dissolved sub- 
stance as the liquid can hold. Two criteria are establis^hed by 
whi'ch they judge saturation: 1) if excess solid salt is present 
in the liquid^ solution , then the solution is satura(ted and* 2) if 
a crystal of the dissolved sa;t were placed in a sample of a / 
saturated solution, it would not dissolve^ 



Tlie children will discover fhat in some salt-water solutions the 
amount of'salt which will saturate^it varies with^ the tempera- 
ture. Of the two salts investigated, sodium chloride does not' 
appear ^to increase its splubility as the temperature of the 
system is increased, whereas sodium thiosulfate (hypo) exhibits 
a large increase in solubility. As. the temperature rises, more 
solid goes into solution until# at any given temperature, a 
saturated solution is formed (as long as there is still undis- 
solved solid present). This behavior is different from that of 
a melting solid: when heat energy is added to a solid as it mfflts, 
the temperature remains constant until all the solid is lique-^ 
fied. However, the molecule s ^^maki ng up the liquid, whethe.r it 
is a melt or a solution, have more energy than the solid they ^ 
came from. Thus, the cioncept is reinforced that the liquid state 
mpans a higher leyel of energy. The children make use of'tl\es'e 
/Concepts and criteria of saturation in the subsequent Activity, 
where ^hey investigate a supers atnr ated solution. 

MATERIALS AND EQUIPMENT: 
For the class: 

A s upply of : ' ' ^ 

table salt, about 2 tablespoons 




sodium chloride, pure, e . g^v, "Kosher" style, about 1 
cup \ 

■ • Vi ^ ■ • ■ ■ ' 

sodium^ thiosulfate, hydrated crystals ("hypo"), about 
1 cup 

several wide-?iouthed containers for the salts 
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supply -of . 1/2 tsp measuring spoons for each container 
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MINISEQUENCE Ill/Activity 3^ 



supply of wooden splints or popsicle 
container 

^ chopped or crushed ice (optional) 

5 set-ups for rinsing test-tubes and thermometers 

paper towels 
4 polyfo^m containers, 3-qt capacity 

1 micropr o jector (optional) , . . - 

For each pair o f" chi Idren : ^ , 

1-oz (30-ml) cup containing sodium chloride solution and 
excess salt, from Activity 2 

microscope 

microscope slide - ~ . ' 

medicine droppers 

test tubes, 4-in. by 1-in. (100-mm by '25-mm), >ieat re- 
sistant 

thermometers, -20°C to +SO°C ^ 

- ' • 

jar to serve as a test tube "rack" 

magnifying lenses 

Worksheet III-2 

small cups, op*tional 

PREPARATION FOR TEACHING: 

For Part^A, the children will need the microscopes, slides, the 
1-oz cups of sodium chloride solut4on and excess salt from Activ- 
ity 2, medicine droppe rs , tab le salt and 'a small amount of plain 
water. You might also want to us^ a micropro jector , .if one is 
available. ^ 

^For .Part B, the children will^need the tw^o' salts--soSium chloride 
and sodium thiosulphate (hypo)', the, test tubes, jarsV hot water, 5^ 
thermometer's, foam cups^ and Worksheet iii-2. , '^^^ ' *. 

> 

Set'up several supp]?y stations where, the*^ children can get the 
r.equire>d materials. Be sure that the 'two Salt's are in different 
lodation^ to .avoid a^ccidental contamination . Numbe-r each con- 
tainer of salt — 1 (alodium Ghloride) and 2- (hypo) — and- place* 



1 

sticks, near ea^ch 



^ 1 

1 
1 

2 
2 

2 
1 

• 2 

1 



MINISEQUENCE Ill/Activity 3 



spoons and leveling sticks next to each one. f 

The wide test tuil^s are being called for instead of the more 
common 18-mm ones so that the plastic backed inexpensive theij- 
mometers can fit' in. if y\ou have only 18-mm" test tubes,. the 
plastic on the thermometers will have to be trimmed so that the 
thermometer can fit. all the way down' t6 the bottom of the test 
tube. 

Half fill 2 water containers with water at room, temperature and 
the other 2 with water at<^ about 50^C. This usually gan be ob- 
tained from the hot- water tap. If so, the children may go direct 
ly to ^the tap for their supply of hot water. If there is no such 
tap available, you may have- to heat up a ^supply of water. Later, 
these same containers will Have to be filled with cool water 
♦(about 15^C) . 



ALLOCATION. OF TIME 



The ' children 
time -will be 
chloride and 



wil 1 'need* about 2 hours for 
required if the 
hypo concurrently 

i 



childjrenx investigate 
i^art, B . y 



this Activity. (Less 
the sodium 



m 



Part A 



TEACHING SEQUENCE 



Review with the 
servations they 
different salts 



class the ob- 
made the 
in Activity 2. 



Did each 
pletely ? 



salt Sissolye 
Which did? ^ 



com- 



• What safts did 
' ly dissolve ? 



not comp le te- 



• 4^hy.do yo^i think »all of the 
salts didn't dis$blve? 
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COMMENTARY 

Some children may want to refer 
to Wor}?^sheet III-l". ' 



The. hypo and the. epsom salts 
diss.olved completely when 
allowed to stand for a while. 



The sodium chloride , ammonium 
chloride and alunr did not dis- 
solve completely. The alum 
*left the most solid undissolved 



•Some children may ^uggest, quite 
reasonably, that: (a) the at- 
tractive forces between some 
salts and water were small, or 
that, tfie attraction became less 
ome salt. dissolved or (b) . 
the water became so " crowd- 
ed" with the dissolved salt th*t 
:h.ere was no room for more* ^ 




/ 
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MINi^QUENCl aiI/Activi|ty 3 



% ■ 



TEACHING SEQUENCE 

Have the^m again observe thte 
cup with the sodium chloride 
and water prepared in Activity 
2. ^ 

r 

Could any more saLt dissolve 
in the water? 



How can you find out? 



One way to find out would be 
to rem9ye somd of the liqiiid 
and test it with a solid cry- 
stal of sodium chloride to see 
i*f the liquid can dissolve it. 

Each child should now take a 
glass slide, place a ' fjew (2 or 
3) table salt crystals on it, 
place it on the m'icroscope 
stage and get the crystal in 
focus, as they did in Activity 
1 • . ' 



Once* the crystal is in focus, 
they should place a drop of 
'solation on the crystal, being 
sure not to let any liquid 
touch p^r^s of the microscope. 



" • How would you judge if the 
a crystal were dissolving? 



Ask them if they obse-fve^ any 
changes^^round the crystal. 
When they indicate that the^ 
can see nothing happening to 



: COMMENTARY 



Encourage them to think about^ 
this. Apparent ly the liquid 
contains as, much of the §olid 
in dissolved form as it can 
hold. 

t 

Encourage suggestions. If ^ 
some children s ugge s t /^ut ti ng 
some more crystals in the cup^ 
ask how thgyJ could tell the 
added ones from those already 
on the bottom. 



Here again, if a mi cropro j e c tor 
is available, you might con- 
sider projecting wjiat the chil- 
dren are asked t<j view wi th the 
microscopes.^ 



em- 




If children seem to have 
ficulty managing it for 
selves , a^ teamma"te can a 
drop of solution. 

Based on their experien.ce in 
Activity 1, the .crystal would 
e ventual ly disappear , before r> 
which thev edges of the cubes 
would start to round off. 

* 

The- solid pieces pf salt will 
appear unaffected.' In th^ dis- 
cussion help the children to 
see that once'* solution has be-en 
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MINISEQUjpCE. UI/Activity 3 



TEA 



G SEQUENCE 



the solid^ xrftrodace the term # 
saturated s^dlkitio^. Reefer to 
the observatifon ugd^ the 
microscope ast* a test confirming 
their idea tl^at no more solid 
can dissolve fin such a solu/- 
tion. * \ / 



• Suppose some plai 
were added to the 
solution, would a 
happen to the cr 




v^a te r 
saturated 
riy thing 



ys^tai: 



Someone will 



eventually 
geat that they put 
wa t*er 



sug- ^ 
a drop of 
on to the saturated solu- 
tion on the s 1 i d^, thus making 
it dilute, andjpfe^rve the 
salt crystal. 



• What happens 
now? 



to the crys tal 



If you added more salt cry- 
stal s-, ^ would they continue 
to dissolve'/indefiniteiy? 



• If you had two clear liquids 
and were told that one was a 
saturated salt solutioYi* and 
one was not, how could you 
tell which was which? 
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COMMENTARY 

formed, and|^here is still extra 
solid in they contai ner , as there 
was in the g:|ip , they can feel 
confident tjfat as much solid as 
possible hasi dissolved in that 
amount of liquid. Once extra 
solid is present, the liquid 
above it is 'considered saturated 
We can s ay t^^t there is an 
equilibrium ..between the extra 
solid and tl^ solution. 

I- 1 



If. plain water were added, then 
the liquid portion would con- 
sist of a mixture of saturated 
solution and water. The added 
water could' accommodate some 
s.alt and thus sortie dissolving 
could possibly take /place. ^ 
Such a solution would b^ di- 
luted and is then called un-' 
saturated • ^ 



The crystal now will show signs 
Qf dissolving-- the^ edges will 
start to round off, and it may 
eventually disafpj^ear . 

No--wfien the liqld^d again be- 
came saturated, that is, when 
it took in all the salt mole- 
cules it could accommoda tef, no 
more salt would dissolve. 

See if the cfhildren suggest 
placing some of each on .a salt 
cry9tal. The solution which 
did not dissolve any^of ^the 
crystal would' be-^'ClTe satdrated 
one*. 

At this point, the microscopes 
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MINISEQUEl!JCE III/Activity 3 



TEACHING^ SEQUENCE 



Part B 



1. Focus attention a^ain on 
the 1-oz cup's containing the 
salt solution and*^ undissolved 
solid* i 



• How do you 

more salt to 



t|'in 



ink we can 
di s s o 1 ve ? 



\ 



ge t 



To those who suggest addiAng 
water, agree and ask what! ef- 
fect that would have on tlae • 
heat energy of the systemA 




• How/ c'an^ hedt energy be added 

to/ the ^alt-water system 
.j^thout increasing the amount 
of material? * ^. 



ERLC 



Have each team of children take 
<two clean l?efst tubes. They " k 
should also obtain' 2^ thermom- J 
eters, a -^aif t^ hold the tubes, 
2 poiyfoam cups, and a supply 
of room /{temperature water. ^- 
Ask them to prepa*re -2 salt- ^ 
water systems by putting 1/2 
teaspbon of sodium chloride in 
each test tube and adding 5 
droppersfu}^ of r oom- "tejmpe ra ture 
water -to each tube. 

I • ' i 

/ 

i 

• How, ihuch salt ,do/you predict 

. 1 



COMMENTARY 



and slides cah be put ^away. 



Some ch;ildren may suggest add- 
i^ng mor-fe w^teVi' Their immediate 
experience wo^ld certainly sug- 
ge s t thi s , 

r 

The children may remember that 
heat emergy depends on both 
tempe rapture-' and amount and 
therefore realize that adding 
more matterial to a system also 
increas^e^ its heat energy. 
Some children may be able to 
hypothesize that since heat 
energy was' absorbed as .the 
solution was forming, adding 
•.heat energy may promote more 
dissolving.. 



Heat energy can«be added i>y in- 
creasing the temperature of the 
system. 



The children will observe the 
effect of raising^ temperature 
on one salt' (sodium chloride)^ 
and then repeat -the ojDservations 



on alsecon'd ,salt (hypo), Jf 
you n^ve • s^If f icient test tubefe 
and thermometers, you ma^^ con- 
sider having each team investi- 
gate both salts at onef time. « 

The reas^ton ^or taki^ng' l^ss wa- 
ter is to ensure that there 
•will be a sa turated^ .solution 
f con;taini,ng excess* solid)- both 
before and af^r heating, ^. 

Of course, the Answer to the 
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MINISEQUENCE IIl/Actij/itV 3 



, TEACHING SEQUENCE 



After they ao^d the water, '^have 
* theiti swirl the-^two test tubes 
and compare the liquid and 
solid levels once\the contents 
settle down,. The levels can i 
be sketched in on ^Worksheet 
III-2. Then they can place the 
test tubes in the glass jar. 

Now have each team prepare a , 
\ double (nested) foam cup for 
their hot water bath. This y 
double cup should be half 
filled with the hot water 
available in the reseifVpirs. 

.J 

Nbw ask the children to insert 
a thermofneter into one of the 
test tubes^ read and record 
the temperature on Worksheet 
•III-2. Do the same for the 
second test tube. Next, they 
are , to take one of the test 
tubes, immerse , it in the hot' 
wajier bath they have just made 
and stir its contenl^s gently 
with the thermometer. They 
should observe the temperature 
as they stir. 

• What appears* to be happening 
within 'the, test tube? 

Let the temperature jrlse to 
about 35°C. Orice it reaches * 
this level, the test tube 
should be removed from th'e hot 
water bath.* Then the children' 
should place it next" to the 
unheated' one and compare the 
contents. Again, the solid 
and liquid levels can be' 
sk-etched in on the Workshe^'et. 



COMMENTAkY 



question is that there will be 
even, more s^^lt left over than 
before because^ less water is 
being ad^ed . ♦ 



There will be equal amounts' o^^ 
solid and liquid in each tube. 
One will be used as a control, 
for purposes of comparison, and 
the othe'r will be heated. 



This can be done by dipping the 
.inner cup in the* reservoir and 



then replacing it in 
cup . 



the 



Forgone thing, the temg.erature 
will b^e increasing. 



\ 



They will find that the con-- 
tents of both appear the- sam^e. 
There appears to be as much 
solid left on the bottom as be- 
fore, even after adding heat 
energy I 



WORKSHEET III-2 ^ 



Before Heating 
TEMP.- °C TEMP. °C 



^ 



Salt 
1 



Salt 

2 



CONTROL 



Before Heating 
TEMP. °C TEMP. 




CONTROL^ 
\ 



Name; 



After Heating 

TEMP, °C TEMP. 



CONTROL 



After Heating 
'^TEMP, °C TEMP. 



CONTROL 
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.MINISEQUENCE IIl/Activity 3 



TEACriiNG SE§UEN(^E 

• How do you know that heat 
energy was really being 
added? 



• Did the added heat eneii'gy 
cause any more sodium chlo- 
ride to dissolve? ' ' 

• On t-ha basis of your results, 
could you draw conclusions 
about the ^other salts yd\x 
have been investigating? 



2. Suggest that they experi- 
ment in an identical way "Vith 
one of the other s al ts ~- ** hypo . ' 

Discuss the previous observa- 
tions the^ made wit^ji tJ^e hypo: 

• How did its interactio.n with 
water compare 'with that of 
sodium' chdoride? 



Each team should put 1/2' tea- 
spoojn of hypo into eacj|^ of the 
two test tubes. But since 
they observed that the hypo • 
was so much more soluble*, they 
should' put only one dropperf ul 
of room temperature water intp 
the salt crystals. Then the 
contents should he svirled 
while bot,h tubes are carefully 
observed. 



• How do the (Contents of the 
tubes ccJmpare with one.ai^- 
other? . ' 



COMMENTARY 



The temperature rose'in the 
tuba which was immersed in the 
h'ot water 'bath. Based on ex- 
periences in Grade 4, they dis- 
co v^j?e^ that heat energy was 
transferred between samples of 
liquid; ^eparated'by a glass 
wall/ from the sample at the 
hi^gher temperature to \the onj^ 
at the lower temperature. . 

I^ot to a noticeable extent. 



Since they have investigated 
pnly* a single substance, help 
them to see that it is iiTv-alid, 
for them to mafce such inferences 
about other salt-water systems. 

Have them discard the sodi*um 
chloride solutions and rinse^ 
the test tubes and thermometers. 



They mi.ght recall tlAat in the 
case of the hypc^* not^^^ounly did 
a large amount of solid v^is- 
solve, but also there was a 
larger decrease in tempe^r a ture , 




They should sense again that 
the temperature decre*ase%» 
There will be a smal3^ amoun-t 
of liquid above the crystals, 

Aft^er the solid settles* ^own , 
there will appear to .be about 
the^ same amount of solution 
n,d^^f extra sol^id; 'each tub'fe 
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MINISEQUENCE III/Activity 3 



TEACHING SEQUENCE 



The ^levels of solid and li'quid 
should be sketrch,e<i in on the, 
lower lefJt of Worksheet III-2. 

• How^o the* contents 



compare 



with the sodium chloride 



water systems? 

• What can you say 
liquid ,par t? I s 
r^ted? 



about the 
it satu- » 



Now have them get a fresh s up- ^ 
ply 'of hot (50°C) water in 
their doilble foam cups. In- 
sert a* thermometer in one of 
the tubes and place' it in 'the 
hot water bath. Slowly stir 
the contents with the ther- 
mometer. 

• What appears to be happening? 



Once the thermc^meter registers 
about 25''C, the-^chi Idren slW^uld 
remove the tube *and' observe the 
contents . 



Again, have the children place 
the unheated control tube next 
to the heated one. They should 
compare the two systems and 
sketch in the levels of solid 
and* liquid on the WorTcslieet. - 

• Did a<3diAg heai: energy have 
an effect on \ dissolving^ hypo? 



As they* observe bq^h tubes ask 
whether the sqlui^ion in each 
saturated. 



tube^ is 



COMMENTARY 



Since there was less water 
^dded, there is less liquid, 



*It*is ^ hypo-water solution./ 
Since the solutions is above 
excess solid, the/ should be 
able to infer/ from the^crite-. 
rion they have es tabli>hrfed , 
that the solution Hs a saturated 
one . 



As before, the other thermon)eter 
should remain in the unheated 
"control" test tube standing in 
the jar. 

» / 

The temperature will rise, just 
as Jit did with the sodium chlo- 
ride. 

There will^^nb^ be" a noticeable 
difference i n che amount of ex- 
cess solid salt. A large pro- 
portion of the hypo has dis- 
solved . 



Anoticeable effect--The chil- 
dren should realize that t'he 
tube "at the higher temperature 
was able to dissolve much more 
salt than the pne at room tem- 
perature. / 

Since both solutions are in con- 
tact with some solid which did 
not dissolve, the liquid solu- 
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MINISEQUENCE Ill/Activity 3 



TEACHING SEQUENCE 



• Which 
salt? 



solution 



contains more 



Compare *the energy^ of the two 
sy s tems-'-the. solution at SS'^C 
and that at room temperat.ure*. 



How does this hypo-water 
solution system compare with 
the one you ^ i nves trga te d 
with the sodium chloride and 
wa^er? i^ 



Now refocus* attention ^on the- 
hypo solutions. As^ th^y ob- 
serve the two tubes , ^ ask thfe 
children what they would expect 
to happen iti the warmed tube 
if it were Cooled back down to 
room temperature,^ i.e-, to the 
temperfft;ure of the 'control' tube 
which was not heated at all, 

166 ' ' 



COMMENTARY 



tion in both the heated and un- 
heated systems^ are s^tura,ted. 
Each contains as much salt as 
it can hold. J'he heated syst^, 
however, can hold more dis- 
solved hypo. 

Obviously the one which was^ < 
heated. Since there* is so much 
less solid there we can sur- 
mise that the "missing" solid 
wentintosolution. 

, Since heat energy was added to 
the saturated solution at the 
Righer'' temperature it must con- 
tain that absorbed energy. * 
Help the children to realize* 
that the higher- ene^rgy i5 not 
only due to' its higher tempera- 
ture, but also^ to all the salt 
molecules i^n it which were 
fre§d from the solid salt and 
are now part of^he mobile 
liquid.' ^ * ^ 

If the children have been ex- 
perimenting^- ^with both systems 
at the same time , the dif^ 
fe'^ence in behavipr of the tw 
salts with the incSrease in \ 
temperature will be quite drama- 
tic. ^ 

At this point the children may ' 
correctly suspect that at least 
a small^addi tional amqunt of - ' 
^Sodium chloride went into solu-- 
tion when- the tempera ture wrfs 
raised. Gross observation 
simply did.'not reveal it. 

If they understand some o,f the 
concepts of reversibility, as 
devejj^oped in Gr^de 4, they ^ma'y ' 
expect the extra salt which 
dissolved at the higher tempera- 
ture to precipitate out when 
the system *is cooied jiown-- that^, 
is, when the^ ext;ra heat.ene; 
is takejn away.. 



MINISEQUENCE III/Acti'vity 3 



TEACHING SEQUENCE 



• How cobld yoir lower the 
temperature of th^|iiterined 
tube back to the tW|perature 

of the control tube? 



At this point, have some re- 
servoirs of cool water avail- ' 
ab],e. Either use water from 
the cold water tap or add 
s'everal ice cubes 'to water at 

, room temperature to ensure 
that it will jDe cool (about 

■ 15°C wou/ld b^e fine).. Then 
have them pour out the hot wa- 
ter from the double foam cups 

'and replace it with cool water. 
Next, they should insert the 
tes<t 'tube containing the warm^ • 
solution, and its thermometer, 
iato the' cool* water bath. , 
They^ should stir the solution 
gently and afe soon 'as the 
temperature reaches "that. 'of 
the control tube, th€y should 
remove the tube from the bath 

land .observe the contents. 

• < >^ 

Ask the children to rejjort 
their observations, ' 



• Did the system behave as 
expected? 



COMMENTARY 



Surely one of the suggestions 
will include placing the tube 
in very cool water, because 
adding heat energy was ac- / 
complished by plaqing the tube 
inhot^water, 

By'placifng it in cool water, 
there will be a transfer of 
heat energy out of the hot 'tube 
and into the cooler water--re-»' 
inforcing the ^idea of heat 
energy trans fer from higher 
tempera'ture to lower temp era- 
ture. ' 



Many crystals ^will have formed. 
However , the i r appearance may 
not. be identical to those qf 
the con trol-r they" 'may be much 
smaller. This happens wheji* ; 
cry's tals - <^orip 'quic'kly . But 
there should be a large (Juan- * 
tity of. them and there will be 
only a small amount of s o 1 \i- 
tion , as was the case with the 
c o n 1 2^0 1 . ' < 

, ' ' i , ; 

Help the children' recognize 
that^ a^s 'ttvey; rever.se-4 the 
situation kri\^^ removed 'the ad'ded 
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MINISEQUENCE IIl/Activity a 



TEACHING SEQUENCE 



• How. do these observations 
compare with what happens to 
a liquid melt when heat 
'energy is removed' from it? 



^ ^ ^ • Wha tf^iappens to the tempera- 
ture of^a melting system as 
h^at ene^rgy is added? 



•What happens to the tempera- 
ture of a hypo-water system 
as heat ene,rgy is added? 



ERLC 



COMMENT^^RY 



heat ^energy. : 
the ^original 



from the system, 
original conditions were . 
attained agadn--that is, a lot 
of ^un diss olved/ sa 1 1 and' a lit- 
♦ tie solution-w All "the extra 
dissolved' salt "precipitated 
out"--i t reformed solid hypo 
crystals when heat Energy- was 
removed, , / 



\ 

also 



re- 
energy ±s 
it causes 



(Se^e 

4 of Minisequenc^ V 



Changes of state are 
versible.,. When heat 
removed' from a melt, 
the solid to reform. 
Acti vi ty 
Grade 4 . ) 
# 

For those children who have done 
"Ac ti vi ty 3 of Mini s,equence V , 
in Grade 4, they obsei:ved that 
a-s ice was being melted with 
the addition of heat energy,, 
the temperature of the* ice and. 
its melfc (water) remained at or^ 
near O^'C until all the ice dis- 
appeared* (See below.") ' 

The temperature rises feteadily ' 
while solid'^is s ti'll .presen t-- 
although more and more. solid 
goe-s into solution as ihe 
t^ijipe ra ture continues to rise^. 

In order to "help reirlf c^rce . thai, 
di&ii-nction between the^se twa .^t 
soliod'^ li-quid processesJ f or^ 
'child;:en who have not had t'he - 
Grade 4 experiences, you might '* 
have them take on^ of their 
test tubes . (rinsed) and fli4>it'' 
with crushed or broken dce^ 
Then have them one dropper- ^ 

ful of. ice -water to the ice. . 
. (Thi s will ensjare that 'the ' bulb . 
of the thermome ter ■ wi 1 1' be' im- 
mersed in the .mixture pf ice 
and water. ) Insert their -tJher- 
mometers, stir and note-tb^ 
temperature "onQ"§ the 'Jiiquid 
level in the steitwof 'the J:her- ' 
m o m e t e r no 1 o rt g e^r changes. It; 
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TEACHING SEQUENCE 



•When ^^olid is melting, what 
happeri^s if you add more solid 
mixture? 



to the 



lJj|^«Wh'en a\solution is farming, 
what happens if you. add more 
solid? . , 



f 



During a summarizing discussion, 
the' following should be rein- 
forced : 

A s^olution i^ cansideredj 
pB^kturat'ed wt^eri i,t is in the ^re- 
s' s e o:c of ex cess solid^ 



y 



In some cases, more salt) 
^fcan.be dissolved if heat ener'gy 
tls a^Sed,. by r ai s i n5 * t'he temf^X" 
atu^e* ' ' ' \ . 

( 3) • A^ sqlu'tion saturated with 
salt at one temperature, may be 
4|tb^I^ to-h'ol-d more^s'alfc at a 
"nigHer temperature . ' - / 

(4) -Removing tfhe heat energy-- 
lowering the temperature-- !- 
■ caused the -ex^ra dissolved sa^^t 
tc' rer form^ solid and precipitate 
' ?9ut , ' rf ■ . ' 

... • • / 



MINISEQUENCE Ill/Activity' 3 

. . / •■ 

COMMENTARY 

« c 

should read close to O^C, 

The childre*n can read and re- 
cord t^e tempera^J:.«xB of this, 
system as it is; beirag stirred. 
As indicated above,/they ^ill 
find that' the temperature- re- 
mains^t' about C^C ]until all 
the ice ^ha^ d is apy^e a r ed > Then 
the t e mp-eNjyirxure r i s e s 

I 

As long as there is heat energy 
available, the solid will con- 
tinue to liquefy (melt). 

If t^e solution is saturated, 
the added solid just remains 
there-,- they found tha t once a 
solution was satulFated , it could 
not dissolve any more salt; df 
it is not saturated, the^ solid 
gradually disappears as it be- 
comes liquefied'. 



1 



Of.q/>ur$e^ more gait can^beMis-, 
solved if more water^is added. 



MINISEQUENCE Ill/Activity 3 
/ * . 



EXTENDED EXPERIENCES^ 



lef 
fresh 



1 Some children may be '''i n te re s te d in using. .^e microscope to 
test other sa 1 t-wa te»^ sy s tems to 4ee if their saturated solu- 
tions will dissolve inore solid/ If they do^ be sure that the 
solutions are reall^ saturated. Sometimes it takes consider- 
able-elapsed time tc| ensure this. For instance, magnesium sul«. 
fate (epsom sal^s) may have to be 1^ f t ^overnigh t-t;o ensure J 
saturation. Be sure^that there are still extr;^ crystals left 
at 'the bottom if children want to test »the solution on a 
crystals - 

2. ^ If th^y want to/|)ursue the effect on solubility of an^^!^- 
crease i n ' t empe r a tUrfe , they caii investigate other saltfe, but do 
not" let thejn use hypo because it wi 11 • de tract ^from the teaching 
strategy in the *nexti Activity . Ammonium chloride does not ex- 
hibit much of a diff^erence -in sOfeXu^bility wi thNJ.ncreased t^mpera- 
ture; magnesium sulfate does, But'if the soluts^ons are -not com- 
pletely saturated at: room temperature, they will not observe 
reversibility on cooling* Again, let any solutions stand over- 
nite before they investigate them. 



V 



■J 



( 
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' A ■ ! MINI-SEQUENCE Ill/Activity 4, 



Fa 



Activity 4 Tlie Reappearance of Heat Energy 



I so! 
( cii 



with fur the r e vj.dence 
gy • ^ Th.ey^ discover t;ha,t 
given ^amount .q£ salt ^is^. . 



^re- 
k 



of 



This final Ac tivit^ provides the cniiCl^en 
regarding' the, con^ser va tion of heat ener^g 
the heat energy absorbed (lost) as a 

solves in water reappears' (o;cr Is. releajS^ed) wh'en 'that s'^lt 
ci-^itates out. it is pos.sibl^ for the V^hii^reJi' to keep t 

ch "heats of solution", because of the Unique "^^p^^jgj^f^^l cei- 
tain salts to form, supersaturated solutions in water.'r* A supe'^r^- 
saturated solution is a solut'ion (ndx in the, presence of * exce^^' 
so>i"d) which con tai ns' much more s a 1 1 'di s so"l ved in it .thair'the 
liquid should- hold at thXt' temperature. When* the children at-." 
tempt to test the liquid, *yasing O'ne of th^ criteria the-y' es- 
tablished' f or 's a t urati on , they^,.find that all ^rhe ejccess sal.'t o£ 



pi^^c^i ta'te^^out ^d the he.at energy a^bsorbed 
was /ormi^d is liberi^ted .concur.reh tiy ;* Be.cfaus.e 



the supersaturate 
when the solution 

the children can feel/and masure this rele^ase'of heat energy, 
they develop an even/better appre ca a'ti on th^'t ^ soluti'on.sv.3re • at*, 
a higher energy level tt^an tb^ solids which . form^-them-r^rhifp tfi^ 
disappearance of heat 'fe^ergy is-1 acco^uh tedVf or^-it r^'appealrs ,Wh"en 
the system re ver t s . to ^i t^ ' o»i dina 1 stater^ Heat 
served,, ^ 



4." 



^Ae-r,gy *is c<?n- 



MATERIALS AND 'EQUIPMENT! 



For the class 



2 containers, ^'lyfoam, appro'x. 



3-<qt 



< 3- ri,ter) capcici ty' 



X 



upply of! 

s odi um 
1 c up 



thiosulf afce 



sodiui/^ce tate-, 
' (optional) v.* ' 



hy'tirated crystals t^typo) > aBtDut-^ 
hydrated cry.^ta'lsV aSgut -I, ctip. 



paper towels' * 
*i bo:i safarty matches 




se-veral^ wide -mouthed containe^rs. -for ;Jthe /hypo- * 

' supply of 1/2. tsp measutinjj . spoons f or ^.Vch^'-^on tai^ 

* supply ^ of wooden splints or popi6^i9l3' s*ti*ck^ -nea.;r each 
container . * " ^ >v 
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' MINISEQUENCE III/Activity '4 



For each child (or team of ' chi Idrerv)^ 

2 test tubes, 4-in. by 1-in. (100-mm byi 25-mm) , heat 
resistant 

1 test tube, clamp* 

• 1, medicine dropper , ^ 

M 

1 cup, pblyfoam, 6-oz to .8-oz (pBO-ml, to 2 40^-ml ) ^ capaci ty 

2 thermom^e ters , plastic back.ed, -20°C-to +50®C 

1 candle, ^referab^y .approx. 1 1/2-in.^ by 2-rn. (4-cm wide 
at base, 5-cm high) ( f'os^d'-wa rme r type) 

2 pieces Q'f aluminum foil, approx. )l-in* (10-cm) square' 
> * 

1 jar to serve as a- t6st« tube rack 
* 1 small piece of c lo th , 'dampened 

' 2 pipers o£ paper, 2-in'. by 2-in. (S'-cm by 5-cm) (optional) 



PREPAkATION FOR TEACHING: 



It,may^be difficult for children'to prepare the solutions' re- 
quired in this Acti\Aty unle'ss the test tubes are thoroughly 
clean and free of severe, internal sc/^tches. Therefore, w.ash, 
oui: and select the tes^ tubes Even nfew ones may 'contain saw-; * 
dust. * .J , ' • ' 

* 'y * ' . ' 

* . 4' I 

To. reduce traffic you may want to set up tnore t^an-one sup'ply *of 
the hypc^. /As- in the earlier Activities, place spocjns and level- 
ers next to each container. Have the re.st.pf the equipment * 
needed by the teams of children .in an a^ccessible place, excep^t' 
for the^ thermometers i These, will be di s t ri-buVe'd la^er in the 
Acti vi ty . " ^ ; . ^ * 

Add sufficient water at 20 to 25®C t'o the polyfoam container's so 
that' each team can have a cupful. Whfe.n the child re n'start to ' 
he^t their test tubes oyer the candle flame, haye, dampejied small 
pieces of cloth or toweling available ^o that if soot,j::ollects on 
the bott.om of the test tube, it can easily be ' w^iped** o f f . The 
dampened cloth can also be '.use d^ if neteessary; to sniiff out the 
f lame . . \ , w/ * ^ 



T T M 17 - 



ALLOCATION TIME: 



The children will neeti about 2 "hours to complete' this Activity. 

9 
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MINISEQUENCE l^l'/Activity 4 



TEACHING SE-Q.UENCE 



1 . Review Activity 3 by asking 
^how heat^ energy affects the V 

amojint of salt which can dis-*^ 
, solv^e in .a specific amount of 
water. Be sute^'that the <chil-' 
(ir.en* are aware of the concept 
of. a saturated solution as one 
which contains- the maximum - 
amount of salt at a p'^rticular 
temperature. We can be sure a 
solution is saturated if there 
is extra undissolved salt pre- 
S'ent^in the system. 

'^'•What ha've you found out about 
the effect ^of 'Raising the 
temperature of a saturated 
hypo solution? 



Suggest that *they continue to 
inves«tig4te iihe hypo-water sys- 
tem which they found showed an 
increase in solubility as the 
temperature was 'increas^.y 
Have each ^c^Jfd obtain a 'supply 
of material^a;id equipment. 
This' should .include 2 test 
^tubes, 1 test tube clamp, 1 
jar to serve as a ^t^t tube 
rack,, 1 medicine dropper, 
a poly foam ,cup . 
showld go to one 
stations and put 
ftil . (1/2 "tsp") of 
of the test tubes. As be'fore^ 
each -child should' also get 
about 1/2 cuE>£ul of^ the water 
from the reservoir in'the poly 
foam cup. 



and 
Then tiffey 
of the supply 
a level spoon- 
^Yjpo in each * 



( 



• What 'wiU happen, when some 
wate r is added to the hypo? 



Now have them add some water 
but this time add only 5-7 
drops to each test 




COMMENTARY 



i 



From their l\mi t ed experience , 
they found thaV^aisirig the 
temperature increased con- 
siderab ly "the amourft of salt 
which .could be held in s.olution 

^ 



in addition to predicting that 
some. of the salt^will dissolve 
i-n the addfrd water,' they shguld 
also expect that^ the tempera- 
ture decrease. 

NQte that they are adding drops ^ 
not' droppers fuU! This les*ser 
amount of- water is requirecif^o 
that tKery will *obRe'rve. a 




M'INISEQUENCE Ill/Activity 4 



TEAJpHING SEQUENCE 



After- they add the water, have 
them hold the bottoms of the 
test tubes in the palms of . 
their hands, ^ 




•,Hpw ddes tl/e bottom of the 
' test tu^ 
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CiDMMENTARY 

dramatic effect. when tlVey ♦'d^-^ 
troy" the supersaturated sblu- 
tion they will be preparing', ^ 
hlso, although this conpept 'will 
not b^i^developed with.tlie chil- 
dren irythi's grade, t\\e hypo 
contairns a great deal' o'^bound 
water/ which i^s ' freed as the 
systelm is ,\^ar^ed and which con- 
tributed to .tfhe amount of water 
avai lable ^for solution. 

It may be ':di f f icul t for^some 
children; to observe that any of 
the salt has dissolved, since 
such a sm^ll amount of water 
was added to^the sys.te'm. How- 
ever, there will- be a small 
amount of liquid solution at 
the bottom of the tube. ' • 



; f 



- } 



. <r - 

It feels rather cool, whic^ 
should suggest th-^t the t^em 
perature has decreased. 



m 



■I' 



A 




TE ACH I N G E QjpMC E. 



>• As they 
. * por^ting 

hap^ning in ,the tubes 

with ^ 1- . 



are obs.erving and re- 
on. wh.at appears to be 

review 

thenf how Jieat energy might 
be ;p laying a role in th.is . ' - 
in^e ract ion . * 



MINIS'EQUfiNCE lllKActivity 4 
COMMENTARY 




• S/ince the temperature 
creased, .what can ^ou 



ajBout what might 
in4 with respect 
ehergy . 



de- 

s ay 
jDe^appen- 
to heat 



• Where 
energy 



1 s i t ge 
■f rc/m? 



^ tijig 



the heat 



•'Is the 'solution formed 
saturated or^ unsaturated 
jtith hypo salt? ^ 

4 

You migh.t put this initial 
part- 'of a schematic diagram of 
the energy changes, along with 
\changes? iji app^ar^nce, on^the 
\chalkboard : - . . " 



EXCESS 
SALT : 



SATURATED 
SOLUTION 

heat energy 
absorbed 



S;^LT 



.WATER 



• Hp 



qir 
he 



could 
hypo 



you get more of 
to dissolve in the 



saturated* solution? 




TelX them that this\ti|flr0 .you 
won)5er they coiled ge,t all: 
|rhe ^alt^^ssolved wi thiolit 
'ad<Jd!n»g waj;er.| " 
'•be^d^ne?' ' . f 



H o vT^c^ul/^ this 

k ' 



As m 
seems 
It is 



:i^v 



A,c ti'vi ty 2 , heat energy 
to have "disappeared. " 
being absorbed as some of 
the salt di^olv^s to ' a solui-^ 
tion. Be s^j^ure v^e children 
realize *that wh^n a system be- 
come p cooler (wjien its temper- 
atur^ decreases), it means th 
some inter:ac tipn is occurring 
that is taking in heat energy 

From* the. surroundings; the 
t-ube , the ""roofti, the water i 
selfi • • 




' there is- excess s^alt pre- 
the small amchi:^ Qf solu- 
tion* f orme d njus t be s a^ 



S\nce 
s^nt , 



a t e d , 



V 



If Vo 
of the 



made a" di splai^ pofe te r 
!chem3ti^ earlier^" you 



might brin 
tnodify it 



they 
energy 




again, and 



^ucj\ an ex 
ed' in Acti 
will 
to 

^eratUre . 



riment ^was- perforin- 
ity 3, ^ undoub^Aly 
adding heat \ 
ise ritS' tem- ^ 



sugges t 
It to* r! 



since 



they 



observed th^at in 
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yTE ACHING. SEQUENCE 



^how ^them the t candles* and tell' 
:he class tha»t they can. use 
these as a sourcepf heat 
energy • Distribute one to e.ach 
^\child, ^together with 2 pi^ecfes 
of aluminum foil. Have each ^ 
child set up* his or her o\fn 
candle heat source. 



\ 



• i 



1. 




IVUNISEQUENCE Ill/^cljivity 4 



COMMENTAJ^Y 



creasing the temperature in- 
creased the aimount ot hypo dis- 
^solved, they should sugjges t 
bringing t-he -temperature up 
even higher than 35°C"ir Some 
suggestion^ may include "put 
it on a hQt plate." » Aia of V 
these are valid. f 



ERLC 



176 



One piece'* of aluminum foil is 
used under the candles to pro-* « 
tect the work surf arceisi — Jrh'e 
othfer can be wadded and used to 
snuff out the flame later. You 
^may want to^ place an asbestos 
s*qua re/ Under the foil. If the 
squa t , f ood- warmer cajKjles are 
not. being used, the children 
may have to use some plasticene 
as ar hol^dpr- far .the more slender- 
candles. Have the children ^ 
shape it 'into a ball, flatten ** 
one end so'it sits firmly on ^ , 
tVie table and inse-rt the candle 
intguthe plasticen^.^ 

'■ ■ • ' • 

The c^ndae; which is familiar* ' 
and readily available, has been 
chosen/as the" source of more, 
'intense heat ^nergy,- W*ater at 
about 90°C would also, serve as 
well but you would have to have 
a. pot o*f boiling waWr in the 
rooA aa^ the children would 
^ have\ <a/ renew their supply^ f're- 
qufintly since the hot w a;te r ^ 
bajiliis would Qdol off. Also, 
the Visible f la'me is more of 
aleru to a child of the high 
t e m p er r a t'U r e than a c o n t'a i n*e r * 
scalding, hot wa tei:^ Vould foe".-. 
Canned/heat in the form of /. 
Stejrno, which is also* 'used .as a 
ft>od w^rm-er , can su'bsl^tu tp f br 
the candles. Howe ve r , 
flame is- at a higher temperature 



r 



an 



.of 



4 



•1 



7 

MINISEQUENCE Ill/Activity 4 



TEACHING SEQUENCE 



^ive each child a piece o'f 
dampened cloth. Xell^them that^ 
they can use it .to wi^6 o'ff*''any 
soot if*sQme collec'ts dn" the 
bpttom of th'e^test tube ;^s tlT^yy^ 
heat it over the candl-e flame. 



Now- show' th am -how "tm pU.ace >fche 
tube clamp aro^^d^one \t , 



test 
the /tubes 



To avoid inadvertently . 
ing ^the tube^ the* clamp 
be held Dear. the end as 
in- the diagram. 




After 'Checking each site.and^ 
child f or ' saf et:y light txhe. r 
children's candl^.s. Ac^ise 
them to heat* the tube gejltJ^y,. 
over the flame while observing; 
what happens, inside. Ask"" them 
•to remove the tube f rom '^he , 
flame as soon assail the" solid" 
in it dissolves. One way of 



COMMENTARY, 



and not ^as visible^^as that of 
the wax candle. Whatever heat 
source is. used, be sure that- 
standard pre cautions are ob-^- 
served. ' In addi tibrNlrt^wh^ 
ever is direc'ted by. your school, 
the^f ollowing should be empha^ 
sized: * 



(1) 

(2) 
(3) 

(5) 



Hair must be tied back, no 
loose, s txands . 

No long or loose sleeveg. 

Do not stretch arms 
the flame to ^ei 
ject. 




)laced 
^'^ooks , 



^The cfen(^le must 
^n an area clear 
.papers , e tc . 

Wh^n the contents are tso be 
observe^, the "children must 
bring the tube away from, 
the flame to avoid leaning 
over it. 



The *5ther test t^ube should re- 
mairi'in th6~jar. *lts contents^ 
will serve as a control and 
should alwciys be visible^ SQ:**^ 
th'a t'the chij&ren can s t^l^Wha t 



.the system 
heating. 



looked like be fore 



Remind them^ to hq^^ the open end 
of the tube ^Vay' from themselves 
and from ^ny.xDl^her (jfii Id ^ working 
near them. ^ 

Opti»nva^ll,y ,* the' tubfe^should /be , 

held just a lifc'tle above the 
■flame or the candl>e-- thi s_ wij/j^. 

minimize 'the formation of soot. 
^Many children will tend, to hold 

the 'tube'^ within the flame. , 



In j udging i f 
dissolvedv be 
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all the solid has 
s urA tlg^y look at 

> 17?^ 



MIN];^EQUENCE Ill/Activity 4 



TEACHING SEQUENCE 



•bedng sure all solid 'is dis^ ^ - 
solved ^<&\to look at the srdes 
and down the tube to be sure 
that no crystals are^adhering 
to the sides or. bottom. 




Once the solid is all dis- 
solved have them place the tube 
v>o-th its Xiqui^ conteats gen- 
tly Jj) the' jar which ge3?ves as 
a test tube ta^k. * Then .tell 
them to sjnuff out* their can- 
dles. 

* 

Now discuss what has been hap- 
/jenirfg to this sy s t em , '^i th ^ 
jf^arti cul^ar emphasis on the role 
heat energy/ Such que'stion's* 
as* the following may be used: 



the 



• What did 
plish.? What 



hearting accom- 
/ happened as .a 
result of the system ab- 
sorbing all that heat energy?* 



COMMENTARY 



t^e ^contents of the tube^ away 
from^ ,the fl^me. 



}.. 



8e sure they do not overheat 
the contents; otherwise, ♦th-e 
solution will start to boJLl. 
Thermometers have not been used^ 
as the.y were in the' pj^e vi ous 
Activl'ty, because the tempera- 
liure Willi be much higher than 
their 50^Q uppe r ; lii^i t . The 
temperature will be above 65^C, 
If the children want to know 
the temperature*, " you can «pheck, ;> 
it for them with a clean ther- 
'mometer which has a great^er 
range, e.g.; tp lOO^C or llO^C. 



Instead 



^It ^ais^ed the* temperature of the 
»» sy^temi*'r\in additioii^, all 
solid, ^alt dissolved, 
of aay solid being present, 
everylihing is in the I'i^quid 
s tat2e . 



B^l^d on thei'r prior experiences 
the cjfildren' should-b'e able to 
show their unders tan'din'g that, 
the added heat 'energy abi^orbed 
^by tnis system iwas used in 
'free^mg, the hypo molecules f^om 
the bDnds holding \hfem in the. 
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MINISEQUENCE III/Activity 4 



TEACHING SEQUENCE 



/ 



\ 



• Hoy do contents of this 

tube compare with the one ' 
you warmed^in Activity 3? 



• How *do the contents of this 

tube compare with the'con- 
. trol tube? 



/ 



* At tHis j/bin t , 



add to the 
schematic diagram:, 

ALL SOLUTION (>^igh temperature) 



EXCESS 



heat enert^y 
, ab sorbed 



SALT 



+ ^ SATURATED 



SOLUTION 
(room ternipera tfire.) 



he'^t energy 
absorbed 



SALT + WATER 



'2; Th:e ''chfldren are- now- ready 
to p^e^are a different kind of 
Ask them to care-:* 



s^oluti on , 



them 

fully taice the tu^e with the 
.cTear solution-, which had been 
, cooling off in the- jar, and . 
place it. gently in the poly- 
foam cup whioh contains some 
coqI wa te r - The tube sho'uld' 
cool in the Wa te r for 2 o*r 3 
} minutes . > ' . . 



COMMENTARY 



solid s'tructure. This energy 
then became part of^ the greater 
energy of the freely moving 
hypo molecules in the liquid 
solution; 

• r * 

For one thing, it is at a high- 

-er temperature; for another. 



there 
hypo 



is no undissolved^olid 



It should be-appajTent .to ihh 
Chi Idre^ , that the' system that 
was ]:ieate4 possesses more 
energy- TKe test. tubes contain 
the same am.ounts of material 
•(hypo and water) but their 
temperatures* are, of course, 
different and "th^ contents in 
on'e are in the liquid state. 
The ^control tube conti^ins ^ 
saturated solution ^nd a lo-t of 
undiss olve'd ^olid . 



C 




Before .the children begim this^' 
Seotio^n, j^efi 3^lt the large ^ poly-' 
fo.am containersiwith cool water 



s lightly 
about 20' 



be low 



'room temp e*r a tur^e - 



^he tube should b^ handled gen- 
, tly, disturbing the cbryt'-ents as 
little ^as possible. If the ,tU'be 
were pla^ced. in the co'ol* wa.fcer 
immedi ately after hea ti»ng , the 
sbock of the ^if f erenee »in 
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NG SEQUENCE 




• -What IS happening wi^th res- 
pect to h^t ener:gy when . th*e 
tube xis in the cool wa-ter? J 



• What do you pVpdict, will - 

. '^happen to the tempera tiij;^es 
withirj the. tube and in 'trhe' 
surrounding water/ , ^ 

• What do you thi^k wiil"h^'a-p- 
pen to the contents of th% 
tube' when Jthley "bool to. room 
tempei;^ture ? 



After 2 or 3 minutes, or when 
the dis,cussion is completed, 
haj/e each child carfefully re'r? 
move the tube froE^ ^^^jr cooliri^, 
water and gen^^^Mrace it in^^\ 

"the vjar 'hext to t;^J con tro I ^| 
•\tube.' As they do»D^ ha\^e - ^1 . 
them feel the bp'tcom the / 

rtube. ; . • * 

' ' ' * \ ^ ^ 7 

//•I^'it still ho^? . • ^ ' 



What ^bout your predictions 
about the ^appea^ancil of the. 



contents P*' 
f ied? 



We re .they ve r i-^ 



^Are^their temperatures d/f- 
180 




' fe,rent? 



• MINrSEQUENC^E JIl'/Activ\t^ 



COMMENTARY 



tei^pe rature would prfecipitafee 
th"&/^3 olid "^p r e ma t u r e Ty . 

The higher^ tem-perature ttilpe- and 
its conte n*t s will be transfer- * 
ring some heat energy to the . 
c^l water surtpunding it. 

The tube con tents-, will cool 
down; the surrounding water -will^ 
warm up'. 



Undoubtedly ^oiue chil-drei^ vill 
.expecji that once the contents 
are cooled to room , tempe rat ure , 
soli*Q hypo will 



hypo 
solution and 
tents' of the 
the ^ehlldren 



come oiit . of / 
lo'bk -4ike the cfep- 
control tube. As* 
discuss their ex-^' 



pectations, ei^courage' them" to 
use l:he^ expression /" to pr^cif^l- 
tate^l^when they refer to the*^ 
solid coming oat of 'solution^ 



N.o/' it wiM 
As it 6its m 
temj)er^*ture \Wili 
.qf 



ha^e cooled'' off. 
the '^iAr. ^ts ' 



tlt§ othe;:, tiube 




»ach that 
th will 



it, robm teirrper a ture . 5.' , - 

' . ^ ^ 

The contents hf thfe .tubp wH^ich ' 
had been' heated ^are still a,ll- 
liquid.\ Most^^hiTdren will be 
^xtremely surprised and pu2?;led 



because in their .prior'ex- " 
periencet'coolri^g down i^pr^ci 
pi tated the** s 



Apparently not. ^(They can 'gen- 
tly touch the bottom of the' 



r 



MINISEQUSNCE Ill/Activity 4 



TEACHING SEQUENCE 



, • Now that both tubes are at 
the same temperature, is ^ 
there any difference? 



• What was *the diffe'rence in 
^ treatment of the two solu- 
tions? . ^. 

> ' : ^ 

• Do yo.u think that on^ now 
contains more energy than 
the other? ' 



But where is the heat energy? 



Now have each child remove the 
tube- containing all liquid and 
hold the bottom <i n the palm o^ 
his or fier hand. They should 
hold the tube at about eye 
level* SO' th.ey 'can easily ob- 
serve the contents. * *' . 



COMMENTARY 



tubdrs to test.)v^ 

They are at the same tempera- 
ture; they contain the same 
total ^amount of materials. Yet 
they ars^ not alike. One (the 
control)* contains solid plus 
solution; the^ other is all 
solution. 

One had heat energy added to 
it-*-its temperature was raised 
^until all the extra solid dis- 
solved. 

Encourage all'iresponses. T'ke 
fact that one is all lio[uid, al- 
' though both are so similar in 
the respects noted above, should 
provide a *clue for the children. 
As th^y discuss this que^tion^ 
refer to the schematic you have 
placed on tihe board. They, 
should be able to .recognizee 
tl(at the content? of ^he tube 
containing all liquid are at 
a higher energy state than 
those in the tube containing 
^olid salt plus solvation,. If 
some' children ne ed ^ addi ti onal 
help; refer. to the differences 
in energy between a §olid and 
its^ melt I its liqui^i) • As 
developed in "Change of State" 
in. Grade 4^ 'and reviewed in 
Activity 1; ther.e is a- hierarchy 
of energy states from solid to* 
liquid. 

Let the children discuss this 
question jDefore proceeding with' 
the next step. 



193 



181 



MIN I SEQ UENCE^ I iP'A'b t i vity 



J* 



TEACHING SEQUENCE 

As they look ^t^ the contents of^ 
the tube, ask ^whether the soIut^ 
tion 'is saturated or npt. 



• What about the liquid in the 
other tube? ' ' 

Have them recall the, testes ' ^J- 
they did to tell, if s,olutio?i' 
were saturated or not^^ ' 



A 



• If y^u ,t:^s,t this ;6o:i^t'ian 
- witK ^ 5malL cryst^'l/ what 
^ do/you expect "to ^appen? , 



/ 



^Hav^e each child pl^ce a few, 
extra c]^ys,tals of h^o on a 
piece ot paper. Then- encourage 
them to add^ ^ tiny test cry- 
stal of the hypo to , the tube 
and see w^hat happens. 



"'^COMME A 




n may be un'oer tai ft 
he^r the l^iquid^is * ' 
✓'^aturat^'. \hey may 'think that 
at is ^cf'pt because there -is no 
exce^^V^olid present. • ' 

f 

^ 1^ certaxnly satiirated-- ^ 



ler.e is excess solid, 
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The/y , added some so'lution to a 
sm4ll piece -of the solid. If 
t^e solution was saturated, the 
Crystal did not dissolve; i.f 
,it was unsaturated, the crystal 
'dissolved into the solution. 

Encourage speculation. Some 
may possibly reason correctly 
th^t there is so much m'ore 
s 0,1 id in the solution compared 
with the control tube that the 
very reverse iflight take place-\ 
solid will precipitate out. 
They will probably 'not be pre- 
pared for the large* temperature 
^inprease , 
this. 



Don' t alert them to 



Each child should have a few ' 
extra -crijstals on the piecfe.of 
papea;^ used., to get the origir?Sl 
supply for the 2 tubes . J t 
might be best to do this by 
having .one child add the cry- 
stal to a par tne r ' s . tube . Then 
after the observations \they can 
re ve rse roles. ' 

Th}a response to what happens is 
likely to jDe immediate and 
dramatic. Two things will oc- 
cur iri rapid order: The ex- 
cess 'Salt in the Supersaturated 
Solution will precipitate, and 
the children will notice a sharp 
temperature rise at the -^bottoin^ 
of the test tube. These, events 
are lik-ely to create con'sider- 
able • excrement , ^ * 
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♦ Can you explain wh-at hap- 
•pened? Where di-d all the . 
solid come from? 

Remind them .of what th'ey had 
talked, about regardin.g the 
en'er'gy'of the all liquid sys- 
tem compared with" the control., 

In discfussion, help the chil- 
dren, to un^derstand ^hat the 
heat energy^ ^ielease^ whe'n tHe 
solid- hypo ^as re-formed wa^ 
pres^ent i^n the liquid in the 
^fo*rm of *the* energy of the 
mobile hypo molecules . ' Intro- 
dace, •the term, super satur'ated * 

■ ' y 



The tiny salt\crystal acts as 
a nuc-leus around whi.ch t^e 
extra dissolved* salt re-forms 
a solid structure. When that 
happens , the energy possessed 
by the mobi l5 particsles of the 
salt is re'"le'ased. 



It had been dissolyed^nd pre- 
cipitated out of ^olutiori. 

-The extra energy which^was pre 
sent in the liquid came out* of 
the. system as heat energy.' 



ERIC 
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MINISEQUENCE III/Activlty 4 



/ 



TEACHING SEQUENCE 

Tell them that .the liquid 
really had' more solid salt dis- 
sol.ved^.in it than it normally 
should hold at room tempera- 
tur^e. Help the children to 
.recognize that adding a solid 
crystal to a ^saturated solu- 
tion, an unsaturated solution, 
and a super^saturated solution 
all result in very different* 
changes. ' 4 

• Which is at a , higher energy 
^s'tate--a supersaturated ^^lu*- 
tion or a saturated one in ' 
contact with its. solid?- 

« 

•what evidence ,do you hav-«? 




/ 



f ■ 
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The concept /fever sib i li ty 
shouldyalsp'^oe ^(^iscuss^d at ' 

^ t.his ptoifit^ Have them compare 
the irwo tu^es now. Aftei^ sub- 
jecting t^'ia contents of one 
tny^e to he^'ating, cooling and 
tfteh precipi tation , the system, 
once it returns to its original 
§tat6, has the* same piroperties ■ 

/it s.tarted with. 

Comp le t^ • ttie schematic diagram'^ 
as illustrated belcj[w and dis-^ ' 
cuss the< points raised. As' you 
continue to develop the dia-- * 
gram; -emphasize. th6 role of 
h^at- energy and the changes' 

184 * ' ^ . 



COMMENTARY 



The supersaturated one--even 
th ough both are at -th^ same 
'(room) temper^a tare . 



VTheji -the excess $alt came' out 
of the saturated solution, it 
released its extra energy."'' 
Everything got hot. Irt ord^'r^ ' 
to .get this idea across, that' 
heat energy is given up,'-thisS 
initial experience did n<5,t . 
.make use of thermometers. It\ 
was Important that the children' 
sense the^systeip becoming hot 
and not assocl'ate the* increase ' 
in^temperature with a heat'' 
source o.utside the syst^m^. ^^^ey 
might have" thought that heat^ 
ene rgi^ was be^ng added to 
system, by an external agent. 



V, 




yhey will observe that once the 
tube- re turns ^ to room temperature, 
the* contents look I'ikl 'tho^e in " 
the control tube : ►a little soTu-- 
tion, and ajlot of s'olid. 



The arrows . indicate th'e absorp- 
tion anjd releas.e of' heat energy 
ahd shqul-^d^^einforce the, idea 
of reversibility v^ith 'this type 
of interaction. Four steps' are 
depi"cte d ' " * 
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.MINISEQUENCE Ill/Activity 4 



TETACHING SEQUENCE 



COMflENTARY 



(1) The formation of the origi- 
nal saturated solution. This is 
not being remade. They are** 
working with the salti and satu-fk 
rated solution prepared ea'rlier. 

(2) represents the^eating and 
preparation of the all-liquid 
|ystem (solution at a high 
tempe rature . 

.(3)- represents the cooling ' ^ 
down of the solution to room 
temp ^rature but*no precipita- 
tion occurs . ^ / 

A supersaturated- solution is 
now present in the. tube. 

(4) ^ represents the addition of 
the se^ crystal to the super- 
saturated solution , accompanied 
\pY release of heat energy and 
the precipitation of the ex- 
cess salt'. 



(2) ALL SOLUTION (at' high" temperature) 



* heat energy 
absorbed 



h'eat energy 
given off 

5 



(1) EXCESS + 
SALT 

heat energy 
absbrbe.d 

SALT 



. 'SATURATED 
SOLUTION 



WATER 



ERLC 



(3) SUPERSATURATED SOLUTION 



mo'/e heat energy 



given * of f 



(4), EXCESS gALT + SATjURAT^ 

SOLUTlO/i 
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MINISEQUENCE III/Activiiy- 4 



TEACHING SEQUENCB 



3. Relight the^candles for 
the child||en, "and, using' the 
,same two Wst^ tubes^ with the 
contents already insid'e , sug- 
gest that .the children repeat i 
the experiment, using a ther- 
mometer in the final step to 
measure, the rise in 'tempera-^ 
ture of the system as the hypo' 
precipitates from tMe super- 
saturated solution. 



Use the* schemat i c g^agram as ^a 
basis fpr discussion as to what 
is happening to the solid salt 
at'each step and the rol^pf 
heat energy as this step is * 
taking place . 

Once, the ch^ Idr e-n- .gfe t to the ^ 
stage of again ha^ijiq the all-' 
J.quid supersa'turated solutio'n 
(at room temperature) , ask 
them to- pbtain a thermometer s6 
they can, follow what happens to 
the temperature within the 
systfeirt. Have them insert the 
thermometer, and thfen seed the 
supersaturated ' solution as .they 



did before, 



COMM^ENTAftY * 



J 



In this part of. the • Acti.vi ty , • 
the -^children will repeat the * 
preparation of the s uppers a tu- 
rated sqlution and follow the 
absorption a^-d liberation of 
heat energy,* but with one dif-, : 
f erence-- they will" follgw the 
release of he^t energy- from'the 
system by inserting a thermom- 
c*ter into the , ^uper saturate d 
solution at room temperatur.e 
and measure, the temperature 
chajnge after the seed crystal 
is *added to the 'system. (Be' 
sure they 6jo not have the ther- - 
mqme ter in the test tube while 
the all-liquid solution is beiAg 
made be^'cause th-e temperature 
rises above th^ upper limit of v . 
the thermometer during heating* ) 



S 



186 



They arfe^ now at Step 4 of the 
schematic. As *the pre.cipitate 
forms , the temperature af the 
system will^ rise. A super-' 
saturated soluti^on at 25°g 
on precipitat-ion , go, up to 
or. 45°C, depending on the ratio 
ofsalttowater. 

If s^me chil<aren .infer tha^t^lTeS-t 
^energy is ,being added to the 
solution during .this preci^ita- 
ti on whren they observe a temp^era- 
ture rise, ask them^ whe ra tJ>e 
source of heat enerby is t6 ^ 



may, 
40°C 
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MINISEQUENCE III/Activit]^ 4 



TEACHING SEQUENCE 



The summarizing discussion 
should cente;: about' keeping 
track of heat energy as the 
salt, dissolved and then as the 
original conditions were re- 
stored, * 

• In the preparation of-th6 
saturated' solution (step 1), 
what wa^^the role of heat 
energy? What happened to 
it? 



• How was an ^11-liquid system* 
formed? 



•What was the role of the 
heat energy hare? ^ 



indicate on the schematic that 
now they have accounted for 
the absorption of heal: energy 
in going fro^m the salt and 
wa ter , ^ be f ore any interaction, 
^11 the way up to^-the all-liq- 
u*Ld system at. the higli tempera- 
ture . 



Next focus on 
reverse^ "trip, 



the re turn or 



V • wha't happens as the solut..ion 
is cooled--a*s its temperature 
decreases back to room tem- r 
perature? 



ER^C 



•COMMENTARY 



ca use the tempe ra ture 
He Ip them to s-ee tha t- 
en ergy mus t be coming 
within the solution. 



•to rise.' 
the heat 
f ^:om 



Use the schematic as*a focus 
for these dis cuss-ions. 

It was absorbed by the system . 
as ^ome of the solid salt was 
freed from the so li d- s true ture , 
The absorbed heat energy was 
present .in *the freely movin'g, 
mobile molecules of hypo whiah 
became ,part of^ the liquid. 

More heat energy was added by 
heating thel system" to a higher 
temperature vu«^a/candle flame'. 

In Steg 2, heat -^nergy was ab- 
sorbed by the ' acjdi tional hypo 
molecules in the solid, which 
continued to go into solution. 
Heat energy was also absorbed 
as the temperature' of the sys- 
tem increa^sed. , . 



r 



You' are now focusing on the 
downward arrows,. representing 
the release of heat energy^/- 

Heat energy is given off by the 
system^ in Step*3. . The ^ tempe ra-^ 
tur^ is now b^k to that of the' 
room but all thV solid is sfill. 
solution . « 



in 
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MINISEQUENCE ?II/Activity^ 4" 



TEACHING SEQUENCE, 



•What is the energy state of 
this s^olution comparecl with 
the control/ whic^ wa; 
heated at all? 



a^n' t 



Help the children to infer that^ 
this extra energy of the all- 
liquid super*featurated -solution 
is in the greater energy of 
the firefly moving hypo mole- 
cules, sin'ce 'they are all in " 
th*e liquid atate. 



• What evidence do you' have 
that the liquid molecules^^ 
have more energy? " ] 



) 



/ 



• Do you get the heat ene.rgt 
back? / / 

^ ^^"^ 

In all the discussions/ help 
the children develop jan under- 
standin'g . that the healt energy > 
absorbed in di s s o Ivi ngv^J^h^e 
solid salts is present in'^^e 
energy of the liquid salt mole^ 
cules in the solution and is 
released (given back) when the 
^olid' re-forms. Not ondy is 
the proce^ss reversible/' 'bu.t 
heat energy is conserved--it 
can^be accourvfc^d for at "all J 
stages. 



COMMENTARY 



The all-liquid supe r'sa tura ted 
solution* "has more energy in it, 



Some children may' leap to the . 
,idea that 'pefhajps these in- 
visible molecules, which are 
moving about sa freely and thus 
have more energy^ really have 1 
an energy- of motion which they 
associate with the moving mar- 
bles'in Minis eqq^nqe- II, That 
is, these liquia molecules pos- 
sess kinetic energy. Such'^ 
analogies are quite valid and 
such reasoning should be r'ef^adily 
accepted.' BHit*^hether or not 
thse children ar"fe able 
visualize what might ^e 'happen- 
ing at the^ molecular .level , the 
liquid state does possess more 
energy. v ' • 

When these extra' hypo molecules, 
precipitate ou.t as a solid, 
that extra amount of energy is 
given off by the system as" it" 
reverts to its starting condi- 
tion. 

Apparently in two stages. Yes, 
i't seems to be accounted for. 
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; MINISEQUENGE Ill/Activity 4 



EXTENDED EXPERIENCES: 9^' ' 

* 

To broaden the children's experience to include another sub- 
stance^ the children can follow the same procedure with-^ sodium 
acetate that, they followed with hypo. They can use the same 
proportion of salt (1/2 tspl to water (5 to 7 drops) in tlje te,st 
tixbes, .Of course, the tub^ and thermometers must be carefully 
rinsed before pi-o<ieeding/ V^ry nice res\ilts are obtaihfd with 
sodium acetate. ' . ' - ^ ' ^ 



■'A 
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Minisequence III Assessments 

9 



Screening Assessments 



The concepts being te"sted-in this Minisequence are: 



In both melting and dissolving, a mobile liquid is formed 
from a'rigid solid. * • ^ « * 

When some spli^d salts form a spluti on 'wi th wate.r, heat energy 
is abjsorbep from fhe wa-ter. . , ' 

The heat energy that is absorbed when a ^alt goes into ^solu- 
tibn appears as additional en'ergy of the salt mol«eculfes in * 
the solution. . * ' ^ 

' . - , ' ' \ . 

The mobi le* molecules of a melt-, oir a solution possess more 
enerc^y because they move about more freely than^ in their ^ 
re^pective solids. " ' \ ^ 



Different: salts have different solubility properties. 

A ''satura4jed /salt-water solution" contains as much- salt as caj^ 
possibly dissolve in that amount \)f' water at that;. teMpera^ 

tui-e. . * 



g. . Increasing the temperature of certain salt' sblutioiis may in- 
^^cr^ase the amount of salt which can^be dissolve/i in-^a., satu- 
rated solution. ' • ' 

h. ^ supersaturated salt solution contains more; dissolved parti- 

cles than the same volume ^of ''a \sa*tura ted s^'olutioh of* the same 
salt (^at the same temper a/tffre ) / / 

There aire two Parts to. t hi s /a s s ess men t • Part 1 is aimed at the' 
firs^t four concepts in th.e list above and *may be administered af- 
ter Activity 2, if desired, or, combin^ed -with Part 2 after A,ctiv- 
ity 4. Each Part takes about" 8 minutes. 
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MINISEQUENCE III ASSESSMENTS 



PART 1. . . 

• c 

Page A . ' . A 

Ask the children to turn to page A. , 



/ 



HERE^ARE SOME (QUESTIONS WITH THREE POSSIBLE ANSWERS EACH. -READ 
^'.EACH ^jdtJESHION ANlXITS .ANSWER SILENTLY WHILE I READ THEM AL0U5. 
AFTER i HAVE FINISHSD YOU WILL HAVE A SHQRT TIME TO SELECT YOUR 
CHOICE AND CI-RCLE^THE^jETTER IN ^RONT OF IT. ' 



4 



(Allow about 1>^' sec9^ds for each choice.^ If you' think it help^ 
ful to the children', 'read^each question again as they select 
* theij^ choice.) " ^ ' . 

. , . ^ ' 

,1. WHEN A SOLID CHANGES. TO A LIQUID, ' . 

, A. THE TEMPERATURE OF THE SUBSTANCE ALWAYS INCREASES. ' • 

B. T«E MOLECULES OF THE SUBSTANCE MOVE MORE FRE:^LY. 

C. .^ THE NUMBER OF MOLECULEJS^ INCREASES. ' . " * ' 



2:^ MELTING KiMKY^ INVOLVES: ' T - ' 

A. THE ADDITION OF HEAT flNERGY To' THE SVSTEM. 

B. THE OVERCOMING ^F SOME BINDING FORCES IN THE SOLID.' 
C BOTH STATEMENTS- A AND B A^E TRUE. 

3. ~ MANY SALT^ GO'ING INTO SOLUI^ION INVOLVE: ' / , 
a'. the ABSORPTION OF HEAT ENERGY FROM THE W.ATER.' 

B. THE OVERCOMINQ OF SOME BINDING FORCES IN THE SOLID. 

C. ^^ BOTH STATEMENTS A AND B ARE TRUE.. ' ^ - 

4. WHEN SODIUfI CHLORIDE (TABLE SALT)' GOES INTO SOLUgjION , 

A. -THERE IS AN ATTRACTION BETWEEN THE SALT MOLECULES AND 
WAT&R MOLECULES. * " 

* - - ' \ * * 

B. - HEAi: ENERGY IS GIVEN OFF. * 

C. HEAT ENERGY "in THE WATER MAKES THE SALT CRYSTAL- SWELL 
AND BURST, 
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MINISEQUENCB III ASSESSMENTS 



5. MORRIS ADDED A. SALT TO WATER., THE TEMPERATURE OF THE LIQUip 
DECREASED. THE MOST -LIKELY REASON FOR THIS OBSERVATION" IS THAT: 



A. 'the SALT WAS VERY COLD AND COOLED THE WATER WHEt^ IT ' 
MELTED. * • • - 

B'. HEAT ENERGY WAS USED lif BREAKING APART THE MOLECULES OF 
,* SALT IN THE SOLID. ■ " j . " ' 

THE' SALT QAUSED SOME WATER TO EVAPORATE » THUS COO^ENG- * 
THE SYSTEM. ^ ■ 

• • ' -1. 



.- C. 



Pa,ge B " • . ' . 

NOW TURN TO PAGE B. ' ' • ^ ' ' 

"6. SOMETIMES WE SEE "ROCK OUTCROPPINGS WITH GREAT GASHES '.AND 
PITS IN "THEM._ IT IS MOST LIKELY THAT: n - 

* " . ' ■ ' ■ ' " ' . 

, A. LAYERS ap SOLUBLE SALTS WE-RE" TKEJ^E WHEN THE ROCK WAS ' 
FIRST EXPOSED. " • ' * ' . " 

y B. EXPOSURE TQ THE SUN EVAPORATED THE SALT,^ 

G. ANIMALS HAD USED UPvALL THE SI^LJ AS A' "SALT LJCK'.' . ' 

7. when -different salts go into - solution in water, 
•a', all the solution^ are saturated ones. 

' ■ ■ 1 < ' ' ; • 

6, TEMPERATURE DECREASES ARE THE SAME FO^ ALL SALTS." 

- c.^ the; particles of the salt move 'more freei^y. 

8. JANICE DISSOLVED SOME SALT IN WATER. TJtlE 'TE/^PERATURE DE- 
CREASES AS THE SALT GOES H^O^'SPLUTION", BU* SOME UNDISSOLVED ^ 
SALT . REMAINS IN- THE CON^AINETR. WHEN MORE' OF THE SAME SALT tS 
added; the. TEMPERATURE OF THE SYSTEM: ^ , . ^ 

A. CONTINUES TO DECREASE. . . - ' 

B. STAYS THE SAME. * ^ 

^ J ' ^ ' ' ' ' ' ' - 

.C. INCREASES-. < . . ' • • ' 

9. WHEN A SALT SOLUTION IS. LEFT OPEN T'Ol^AlR,. - - ' 



MIWISEQUENdk III ASSESSMENTS 



A. WATER MOLECULES TAKE UP HEAT ENERGY AND -GO INTO A GAS. 

B. . SALT molecule;s re-form into, solid crystals as they give 

UP HEAT e'nERGY. * ' " ' * ' ^ ' . ' 

C. BOTH A AND B ARE TRUE. . , ' ^ 



PART 2 . ' ' * 

Ask the children to turn to page C. 



IN THIS PART THE QUESTIONS 'ON PAGtS C AND-f) HAVE THREE POSSIBLE 
ANSWERS. READ EACH QUESTION AND ITS^OSSIBLE ANSWER SILENTLY^ ^ 
WHILE I READ THEM ALOUD* THEN INDICA^TE YOUR CHOICE TOR EACH f 
QUESTION BY CIRCLING -THE LETTER IN FRONT OF IT. 

^ '(Allow about 30 seconds for choice. If you consLd^r it^de- 

sirable, repd'a4ii^he qCies t ion , an3^' the chQ4;Ces while the children 
are making their s'elections . ) 



Pagfe C 



QUESTIONS. 1, 2*|^b^3 HAVE TO D® WITH DARRELL ' S^f XPERIMENT . ^ *' 
DARRELL COMPLETELY DISSOLVED A SAMPLE OF HYPO, CRYSTALS IN WATEfl 
AT ROOM TEMPERATURE AND THEN STORED IT IN A REFRIGERATOR.. 



1. THE TEMPERATURE OF THE SOLUTION WHEN HE REMOVED IT WAS S'^C. 
WHICH OF 'THE FOLLOWING WOULD HE ^OST LIKELY OBSERVE? 

A. A LOT OF HYPO CRYSTALS IN .THE CONTAINER. . 



V 



B, 



ICE IN^ THE CONTAINER^ 



C. NO CHANGE^IN THE CONTENTS OF THE ^CONTAINER* 

2. if' DARRELL WAjRMED THE SOLUT-ION UP TO ROOM 'TEMPERATURE AGAIN, 

THE FOLLOWING WOUXD MOST . LTKEJiY .HAPPEN : 

^ - r 

A. THE; HEA^ ENERGY IN THE SYSTEM WOULD BECOME : GREATER THAN 
BEFORE HE STORED IT IN THE REFRIGERATOR. 

^ B". THEf HEAT ENERGY OF THE SYSTEM WOULD BEqOME THE SAME AS 
■ BEFORE HE STORED IT IN THE REFRIGERATOR. ' , . 



MORE HYPO CRYSTALS WO 
IT-. 
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GO' INTO SOLUTION AS HE WARMED 
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■ : ^ ' I MINJSEQUENCE III ASSESSMENTS 

t 

^3. IF HE HAT5 ADDED A LITTLE MORE HYPO BEFOME HE WARMED THE' 
ABOVE SOLUTION, THE MC>S^^ LIKELY RESULT WOU-LD HAVE BEEN: 

A. NO CHANGE IN THE SQLUTION/ • < 

B: .further decrease in TEMPERATURE * of THE SOLUTION. 
^ C. Hypo PRECIPITATING FROM THE SOLUTION. 

Page p . • ' 

NOW TURN TO PAGE D. 

QUESTIONS 4, AND 5 HAVE TO DO WITH THIS SITUATION: PHiL HAS 
TWO CONTAINERS WITH THE SAME A^IOUNT OF CLEAR LIQUID IN EACH. 
CONTAINER X HAS WATER IN IT, BUT HE DOES NOT KNOW WHAT IS IN 
CONTAINER Y. ' ' 

4; .HE DROPS THE SAME AMOUNT OF A SALT INTO ' EACH CONTAINER. THE 
TEMPERATURE IN CONTAINER X GOES DO\yN. ■ BUT THE TEMPERATURE IN 
CONTAINER Y GOES UP. WHICH OF THE FOLLOWING MOST LIKELY DES- 
CRIBES WHAT HAPPENED? 



, A. HEAT ENERGY- WAS- ABSORBED, BY THE SALT GOING INTO SOLUTION 
. -IN CONTAINER X, THUS* STRENGTHENING. ITS MOLECULAR BONDS. ♦ 

B. THE TEMPERATURE" IN / Alk) IN- f EQUALIZED SINCE THEY WERE 
DIFFERENT TO START WITH. * - , - 

' . ■ . v 

C. THE LIQUID. IN Y: WAS SUPERSATURATED WITH THAT SALT AND 
IT PRECIPITATED. . ' . 

5. AF^ER. OBSERVING THE AB0VE7- PHI MADE SU^| THAT THE SOLUTIONS 
IN X, AND y WERE (AT THE SAME TEMP^IRATURE BY MRMING UP THE COOLER 
SYSTEM. HE^ THEN ADDED MORE OF THE 5AME 'SALT TO X UNTIL IT WAS 
SATURATED, A>JD ADDED THAT SAME AMOUNT OF THE SAllT TO J. WHICH 
OF THE FOLLOWING WOULD HE MOST LIKELY OBSERVE? 

A. THE ^EMPERATU^RE OF THE SOLUTIOIJ IN X WOULD DECREASE. 

B. THE TEMPERATURES "IN X AND Y WOULD REMAIN THE SAME. 

C. THE TEMPERATURE' IN SOLUTIQN i WOULD INCREASE. 



Page E 

NOW TURN. TO PAGE E. 
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THE NEXT FOUR QUESTIONS DEAL WITH THE ;^ART AT THE TO? OF THE • 
PAGE. THE CHART SHOWS WHAT HAPPENS WrfEN HEAT ENERGY 'iNTE^lACTS. 
WITH SALT-WATER SYSTEMS. ITEMS A THROUGH! F BELOW THE CHART 
INDICATE WHAT MIGHt HAPPEN OR WHAT MIGHT BE PRODUCED. YOU CAN 
SEE THERE ARE SOME BLANK SPACES IN* THfi df!ART. I. WZLL REA,D 
THROUGH THE CHART WITH ^OU AND THEN REAO THE SIX JCEMS . YOU 
ARE TO DECIDE WHICH ITEM BELONGS IN WHICH NUMBERED SPACE AND 
^rJRITE ITS- LETTER 'ON THE BLANK LINE. 



"ALL SOLUTION (HIGH TEMPE RATUI^E, 




EXCESS SALT "+ 

4v 



HEAT ENERGY 
AB&ORBED 



/alt '+ WATER ( 



'HEAT ENERGY 
GIVEN OFF 



SUPERSATURAT-ED SOL'U^ION 



8. 



9. 



EXCESS SALT. + SATURATED 
SOLUTION 



A. EXCE'SS SALT 

B. 5 HEAT ENERGY ABSORBED . 

C. HEAT ENERGY GIVEN OFF 

D. ^ SATURATED SOLUTION 
E* SEED CRYSTAL ADDED 



4. 



F. SUPERSATURATED SOLUTION 



I Name: * ^ Page A 

,1. WHEN A. SOLID CHANGES TO A lIqUID, 
" * ' » ' 

A. THE TEMP E RAT U^?'*OF THE SUBSTANCE ALWAYS INCREASES. '•h Z 

B. THE MOLECULES OF THE SUBSTANCE MOVE MORE FREELY. ) ' 

C. THE NUMBER OF MOLECULES INCREASES, 



2. MELTING ALWAYS INVOLVES: 

. ' A. THE 'ADDITION OF HEJAT ENERGY TO THE SYSTEM. ' 

B. THE OVERCOMING OF SOME BINDING FORCES IN THEL^^^D. ^ * 

C. BOTH STATEMENTS A AND 5 ARE TRUE. 



3. MANY SALTS GOING INTO SQLUl'ION INVOLVE: . ^ 
\ , A. THE^ ;^SORP,TION OF HEAT ENERGY FROM ^THE WATER. 

b\ the overcoming of SOME BIND^^NG/FORCES IN THE SOLID-. 

C. BOTH STATEMENTS A AND B ARE* TRUE. 



4. -WHEN S^^XM CHLORIDE (TABLE SALT) GOES INTO SOLUTION, 

A". TH^RE IS AN ATTRACTION BETWEEN. THE SALT MOLECULES Atjo' WATER 
MOLECULES.,.. ' \ . ' - ' 

B*^ HEAT ENERGY IS 6IVEN OFF. . ~ ^ 

^ ' ' • ' ■ . > * -. 

C. HEAT ENERGY .IN, THB WATER MAKES THE SALT CRYSTAL S^ELL AND 
BURST. ^ ' • ^ 

5. MORRIS ADDED A SALT TO WATER. , THE TEMPERATURE OF THE LIQUID DE- 
CltEASED. ^ THE MOST LIKELY REASON FOR THIS OBSERVATION IS THAT: 

HE SALT WAS VERY COLD AND COOLED THE WATER WHEN IT MELTED. 

EAT ENERGY WAS USED 'IN BREAKING APART THE .MOLECULES 0?' SALT 
ih THE SOLID.' 

C. THE SALT CAUSED SOME WATER TO EVAPORA^TE, TByS COOLING THE 
SYSTEM. ' ' J ' ' ~ 
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6. SOMETIMES WE SEE ROCK^ OUTCROPPINGS t^ITH GREAT 'GASHES ' AND PITS IN ' 
THEM,,' ];T is most LIKELY THAT: • ' . 

. *' . . . • ' • ' " 

A. LAYERS OF SOLUBLE SALTS WERE THEFIE WHEN THE ROCK WAS FIRST 
EXPOSED. * ^ I. ' 

* - * 

^B*- EXPOSURE TO tHE SUN* EVAPORATED* THE* SALT. • ' 

q, ANI^^LS HAD USED. UP ALL THE SALT AS A "SALT LigK", 



7. WHEN DIFFERENT SALTS 'GO INTO .SOI?NTION .IN WATER, V 

Ac. ALL THE SOLUTIONS- ARE SATURATED ONES. 

• ' ' / ' ' , ' . ' ' • 

■ TEMPERATURE DECREASES 'ARE THE SAME FOR ALL SALTS. 

• / • ' • ' ■ ' I. 

C\ . THE PARTICLES OT' THE SALT MOVE MO^E- FREELY. 



r 



8. JANICE DISSOLVED SOME SALT 'IN WATplJl. THE TEMPERATURE DECREASES AS 
THE SAL'jD GOES INTO ^SOLUTION , BUT' SOME UNDISSOLVED 5ALT REMAINS IN THE 
CONTAINER, i WHEN MORE "OF .THE SAME SALT IS ADDED, 'tHE TEMPERATURE OF 
THE SYSTEMS / 



A-. j CONTINUES TO DECr: 

b/- stay^ The same, 
increases. • 



9./ WHEN A SALT SOLUTION IS LEFT OPEN TK) AIR, ' * » 

A. WATER. MOLECULES TAKE UP HEAT ENERGY AND GO' INTO A GAS.--; 

B. SALT MOLECULES ,REtFORM INTO SOLID CRYSTAL'S .AS THEY GIVE UP 

HEAT ENERGY. . , ' * . 

* / ♦ 

C. BOTH A AND B ARE TRUE, ' ^ ' 




\ 
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QUESTIONS 1, 2, AND 3 HAVE TO DO WITH DARRELL'S EXPERIMENT.. DARRELL 
COMPLETELY*'DISSOLVED A SAMPLE OF HYPO CRYSTALS IN WATER Xt 'rOOM TEMPER* 
ATURE; AND THEN STORED" IT IN A REFRIGERATOR. . ' . - 

"I ' ' . ' 

1., THE TEMPERATURE OF THE SOLUTION WHEN HE REMOVED IT WA'S 5°C. WHICH 
OF THE IfOLLOWING WOULd HE MOST LIKELY OBSERVE? 

t ■ ■ ' - ' * 

A. I A LOT OF HYPO CRYSTALS IN THE CONTAINER. 

^. ICE IN THE CONTAINER. • . • 



C. i NO CHANGE IN THE CONTE^JTS OF THE CONTAINER. 



2. IF'DARRELi; WARMED THE SOLUTION UP TO ROOM TEMPERATURE AGAIN, THE 
FOLLOWING WOULD MOST LIKELY "HAPPEN: 

A. THE HEAT E^IERGY IN THE SYSTEM WOULD BECOME GREATER THAN BEFORE 
HE STd'RED IT IN THE REFRIGe'rATOR. 

B. THE HEX$*''^NERGY OF' THE SYSTEM WOULD BECOME THE SAME AS BEFORE 
' HE ST0RE¥ it in the REFRIGERATOR. a, 

' C. . MQPE HYPO CRYSTALS WOULD GO ^INTO SOLUTION AS HE WARMEd' IT. 

•3. IF HE HAD ADDE^ A LITTLE MORE HYPO BEFORE HE WARMED THE ABOVE 

solution/ the most 'LIKELY RESULT WOULD HAVE BEEN: 

» %. - * 

A^ NO CHANGE IN ^THE -SOLUTION . 

B. Further decrease in teH^perature of the solution. 

- » • •• • , " 

C. HY^PO PRECIPITATING^ FROM ^^HE SOLUTION. 

\ - ■ • . • * ■ 
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QUESTIONS ^4 AND 5 HAVE TO DO WITH THIS SITUATION^ PHIL HAS TWO CON- 
TAINERS WITH THE' SAME AMOUNT OF CLEAR LIQUID. IN EACH. CONTAINER X 
HAS WATER IN IT, BUT HE DOES NOT KN'0W_ WHAT IS IN CONTAINER Y: 

4. HE DROPS THE SAME AMOUNT OF A SALT INTO EACH CONTAINER. THE ' 
TEMPERATURE IN CONTAINER X GOES DOWN. BUT THE TEMPERATURE IN CONTAIN- 
ER y GOES UP. WHICH OF THE FOLLOWING MOST LIKELY DESCRIBES WHAT HAP- 
PENED.? ■ ■ / 

' A. HEAT ENERGY WAS ABSORBED BY THE SALT GOING INTO SOLUTION IN 
CONTAINER.^, THUS STRENGTHENING ITS MOLECULAR' BONDS. 

r 

B. .THE TEMPflRATURE IN ^'aND IN Y EQUALIZED SINCE T^IEY WERE DIF- 
- - FERENT TO START WITH. 

[C. THE LIQUID IN Y WAS SUPERSATURATED WITH THAT SALT AND IT 
PRECIPITATED. 

5. AFTER OBSERVING THE ABOV? , PHIL MADE " SURE THAT THE SOLUTIONS IN X 
\ AND y WERE AT THE SAME TEMPERATURE BY WARMING UP THE COOLER SYSTEM. 

r-HE THEN ADDED MORE OF THE SAME SALT TO X UNTIL IT WAS SATURATED, AND ^ 
ADDED THAT SAME AMOUNT OF THE SALT TO Y. WHICH OF THE FOLLOWING WOULD 
HE MOST LIKELY OBSERVE? 



\ 



A. .THE TEMPERATURE OF THE SOLUTION IN X WOtJLD DECREASE. 

B. THE TEMPERATURES IN A'^ AND Y WOULD REMAIN THE' SAME. 

C. THE TEMPERATURE IN SOLUTION X WOULD 'iNCREASE. 



I 
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ALL SOLUTION (HIGH TEMPERATURE) 



/ 



EXCESS SALT + 6, 



HEAT ENERGY 
• ABSORBED . 



SALT + WATER 




HEAT ENfiRGY 
GIVEN OFE^ 



SUPERSATURATED SOL0Ti6n 
9, ' ^ - 



EX^^S SAL 



A. EXCESS SALT 

HEAT ENERGY ^BSORB'ED 

C. HEAT ENe'rGYnX3IVEN OFF 

D . SATURATfeo . S0LUTI6n 

E. SEEI>- CRYSTAL ADDED 

F. r SUPERSATURATED SOLUTION 



SATURATED* 

--''solution 
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Miniseqiience iV Energy Tran^ormations 




<Up to this point the children have been exposed, ST*i several occa- 
sions ^nd in di.ffejreht ways to the concept of energy and -.to the 
in^5jjrtant idea of conservation of energy. The latter was intro- 
duced* in Grade 4 in relation to thermal energy in the water tnix 
.experiments. it was extended earlier in the prese^nt grade' to 
-include mecjaani^al energy ^ (Minisequence I'lj , and to thermal en- 
ergy changes associated with dissolving sialts in. water and pre- 
cipitating them out ' (Miniseqaence , I II ) . In both bhese ^cases'-it 
was pot ^possiblej^to .demons trat^e strict .Conservation of 'eneYgX^ , 
but^only to have the cl\ildren i-hfer from their experirftents Xha t 
if one- had ideal conditions — or^'coul^ accurately measure all the 
energj^ changes involverd*l--conser^ation of energy probably woul^~" 
be demonstrated. « . . ' ' 

From their experience with mechanical energy the chi Idre^i— JCrtbw 
that one can change one form to the othe^-kinetj.c e^^rgy.to 
potential energy, and .vice versa. This is brft'one .example of 
an er^r-gy transformation. One £amds a number of 'different forms 
of/^ehergy in na-ture/and gene^^l^y these cai^* be transformed from 
one to* another--ei the»r directiy or in a two'-stage process involv 
ijig a tWlrd form of energy. "Ahis is not 'a contradiction of the 
principle of energy c'onserva tiotiV which requires only that the 
total eneiigY in th^^ universe remains coastant, ifegardles's of 
transformations that m^y. occur among its variotis forms. 

The* present Minis'equence focuses attention on a few. o'f thQ dif- 
ferent ^J^rms of ^nercry, and on the transformations that occur 
ambng the^. The acto^yities ire intended to prepare the children 
for a finai;^ detailed treatment of en*erg.y ' conservation in Grade 
6. The pervading idea that should- b^ k^pt uppermost in mind in 

* is Minisequence is -it hat whenever .some energy seem^s to" have^ * 
disappeared / ' one should look, for its reappearance in some ot:her 
fornr(of forms). In oth.er words., energy cannot be "Uost", but - 
o^i^c'^^^9e<i ir^to other ^forms. An important corollary to this 
is tKjk obse rva t i,on that some heat energy is -invariably produced 
•during^^he^e transformation's, leading to |Ln appreciation of 
another of the. COPES conceptual* schemes: *The Degradation of 
Energy. ' ^ * ' , ' , 

The -first^ Activity is . concerned ^with the interaction of light 
(raci^rant energy) with surfaces. Everyone has had some experi- 
ence w^ith'the behavior of light as it strikes/a su^faceJ In 
soine ckses^M light-colored" surf aces ) most of tjie light is re-* 
f lected-*a-nd little is lost.* In the "case of dark-colored sur- 
faces, hojw'ever, most of the liglxt may be absorbed. if the AgHt 



213 



"201 



"disappears** what happens to its en^gy? , This canno^ be lostf**, 
\but mus-t rfeappeai^.in ano the r.. f o rm--^in thLs case, heat energy.- 
The children experiment with light falling upon various sur-., 
faces, ojpserving* qualitatively ^whether the s.urface is, a 'good 
reflector or ndt, and correlating ^this obsei:v3ti9n wi^ .the 
amount that the surface i^ warmed by ttie light. At* tl^e Icon- 
.elusion of the Activity the children cqnstructt^ a device 'to 
Nietect. radiant energy, with whi cl\, tbey ^a'rd/abQ/e to compare 
various light sources as to^ the en^egg^y ±hey emit/ <En the 
coTirse of this Activity .they find tnft "^jiTst as thermal energy 
is invisible, some light (radiant enexgyl is a^so ii^ivisible, 
e.g., infra-red and ultra-violet ^adiatiin. <Ia fact, thermal 
radiation and infra-red radiation a're onS^ and the 'same. 

T^ie se.cond Activity carries, on with -the ' conversion of ligbt en- 
ergy to heat energy in an unusual manner. The childryen know 
that an incandescent lamp not only emits, light t)ut also gives 
off considerable heat ^'nergy. The lattar is easily experienced 
by holding one's hand nea!^ a lighted bulb. In -f arckt , only»about 
10| of the energy is given off as visible light, most of th^ 
remaining being in the form of infra-red radiation:] Vtha^t would' 
happen if a lamp bulb were prevented/ from emitting li,ght, e.g. , 
by coating ilt with a non- transparent material? The coating 
mus|t apsorb the light, transforming, it to- heat energy and.the-re- 
by ra/sing the temperature of the bul}5^.x Tfxe children check this 
point by comparing the temperatures of coated ancj* uncoated 
flashlight bulbs. This Activity also provid^ an^'dppo r tuhity 
to explore the question of t^h^ ultima'te source of energy in /k 
flashlight battery^ which the children conclude is due to some 
form of chemical in*terac tion . o 

Activity 3 deals with the conversipn of chemical, energy (in the 
form of food) into heat energy, a'|)roc.e^ss that plays' a' vital 
role in living things. The cl^ldren inve^^stiga te^ th*is energy - ^ 
con vers ion by s ^^yi'ng the ioiteraction betw^erv live yeasts and 
apple juice (food), as evidenced by the pif oducjtion of heat. 
They can also observe the heat produced as s ee ds ^ge rmina te . 
They are able, to conclude that food is the *sptirp^-of energy 
for living things,--so'me of its- chemical enetgy going isnto 
growth afnd^some into'heat. 

"In t^he fihal Activity, the chil^dren ipvestigate the conversion 
"Of kinetit energy '^in to* heat . In the^^first pa^rt of the ♦Activity 
the children "conrvert kinetic energy- entirely to heat through^ ^ 
friction. ' They then try to convert kinetic energy .to (elastic) 
.potential energy and find th*at| now some of the' energy is "lost", 
i.e. , it' is converte.d *to heat rather than tfo potential energy. 
We know that in any real afituation th^ conversipn of*energy 
from one form to another is always accompatiied* by the production 
of heat (Degradation of Energy),. The^amount of heat pro.duce'% 
depejnds upon the effici^ency of the conversion plrocess, th^e 
that are" less efficient prod^ucing proportionatel^r more near 
than others. Thus^ ther^ is one type of ^energy conversion that 
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can be fully efficient, namely, one- ir/ which the end form of 
energy is heat. Obviously, since the|end form is heat energy, 
this does not contradict the concept of degradation of energy. 



$ 
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. Activity 1 ' Radiant Energy to Heat Energy • ; 

A corollary of the idea of conservation df energy is that al- 
though energy is not destroyed it can be converte.d from one form 
to another. To get acro'ss the idea that when energy seems 'to 
have disappeared it can be accounted for in another form, the 

•children must be introduced to the other forms as th^y are "ere- 

^ated''^ in certain famili.ar interactions. 

In Activity 1 th^ children observe the interac,t;ion^ of light, 
which is a form of energy called radiant energy, when it strikes 
sur f ac^;S,;^f di f«^e re.nt colors. When light strikes a dark sur- 
face, most "of it is " trapped" --th at is, it is absorbed/(no t 
reflected) by the surface. Since the |temperature ^of the surface 
rises as the 1 igh>*9*»is "tapped , the rise is used as Evidence 
tha-t. heat energy is' -appea'rin'g in the place of the radiant en- 
ergy. Thiey find that the more radiant energy that is trapped, 
the ij^ore^heat energy is produced. By means of-a simple device 
whi-ch they construct, children will^also discover th^t not ail 
radiant ^energy" is visible to the eye; some is invisible. Just 
as they were aware in previous Activities of. "invisible" heat 
energy by the changes it produced su^hfas melting, or a rise iri * 
temperature; so also they will sense the presence of invisible 
radiant energy by the changes it produces in'their radiation 
dete c tor . ' 



MATERIALS AND EQUIPMENT: ^ ' ""^^ 

Fpr the class you will need: _ • > v 

1 lb (450 g) modeling clay 

/ \ jar poster pdint,bl'ack'^ 

newspaper, fot catchi-og ^piJ,ls of poster paint 

1 roll aluminum foil (s6e also below). 

15 ^"^i^ets of pape;:, 8-1/2 in. by 11 in.' (21.5 cm by 28 cm")' 

several jars of Elmer's gl^ae, with brushes, for glueing 
•alumin^um foil to paper 

\ or more staplers ^ * ^ ' 

1 piece of corrugated cardboard, alDout 12-in. square. 
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(30 cm by 30 cm) <^ 
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MINISEQUENCE IV/Activity 1 



' 1 electric iron^* . ^ ' 

For ^ach team of 2 chi>dren, you will need: ' ^* 

*l-2 pieoes of alumijtum foil, about 6-in. (15-cin) square 

1-2 pieces of stiff 'white p^per, e.g.", white constfuction \ 
, ^ paper, about 'G-ln. (15-cin) square . , •« . ^ 

1-2 pieces of transparent plastic (e.gl, thin cellophane 

sheer), about 6-in. (15-cin) sqni^^. (This can' be pur-^ 
chased in a roll from a "five and. ten" cent store.) _ 

• ^ ^ # ' ' . . ^ 

1-2 'pieces of s ti f f , "flat^ black paper, e.g.*, black, cons truc- 
f ** tion paper, about «6-in . ^(15-cm) square « * 

1-2 pieces of paper, gray or other color that is not very 
dark or very ligKt , about 6-i!sn. (15- cm) square 

1-2 small mirrors, ,any kind, eTg.,- purse mirrors. (You 
might have each child bring a mi^rror from home . ) 

1-2 ^tlashjights , any kind, in good working order 

* i » 

2 thermometers, -20°C to +50*'C 

; -\' - • 

*In each case, the smaller number iS required if you decide. not 
to have tlje children do the experimental^ part, of this Activity 
a t home . ' . ' 



PREPARATLON FOR TEACHIN9: . 

YobU may want to ask ,;th?e*^ chi Idren to bring mirrors and flashlights 
from home^ be f ore st?arting\ Sec tion 1. Remove the gla.ss lenses 
from the flashlights. ^' 

Two different kinds of the rmome te r-^bulb covers will be made by- - 
the chil'dr^n in this Activity. The first kind is made and used 
in Sections 2^ and 3, Make ^a few sample covers of this kind from 
the pieces of paper and aj^uitlinum foil, following the diagram 
shown on the nexfpage.' Do this by folding the papea: in half 
'(step 1), folding a little of two of tl^ open edgefe under ('step 

2) , folding ,bac:k the corners on the remaining open edges (step 

3) , and then taping' these folds (step 4). This should form a^ . 
small cover with an opening just large enough to slip a thermom- 
eter into (step 5> , After positioning a thermometer in a cover 
with its bulb near the center, you can use a bit of tape to* kee-p 
i^lpinpl^ce. . 

Before beginning Sectio/iM, place the. jar of black pos te r paaJ^t 
where it will be accessible to the children. Just before class, 
shake 'the jar tho-roughly and then rem'ove the lid. Since this " 
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Step! 



r 




St^p 3 



■ ) 



A' 



Step4 



C 



50- 



40- 



30- 




.45 



•35 



Steps 



MINISEQUENCE IV/Activity 1 



black*paint could be a little messy if spilled, y'ou^ill want 
toi have some paper 'towels or old newspapers around to catch 
drips. Also, plan for a place for the children to lay the 
thermometers with the bulb ends exposed after they dip them 
into .the paint. The children could put the thermometers on, a 
table with the bulbs pro jec ting ^ out over the edge to dry. 



Before Secticfn 5, fpld and tear 
paper into halves 5-1/2 in.' by 
the children in makin^^ cones. 




sheets of 8-1/2 in 
ih . These will 



1: 



by 11 in 
us.ed by 



For use in 
square to a 
shiny 'side 
and mirror- 

You^^hould 
owJi lye fore 
you will be 
You will al 
radiant ene 



Section 6, glue a pi 
piece of corrugated 
of the foil ^JiouXd b 
like as ^cjssible . 

try the differ^nt^ Se 
^'ou begin w^orking on 
prepared for diffic 
so know what kind of 
rgy sources. 



ece of aluminum foil about 12-in, 

cardboard the s ame s iz6 . The 
e out and should be as smooth 



ctions of this Activity on your 
it with the 'class. In this way 

ulties the children might have, 
results to expect wi,th available 



ALLOCATION OF TIME: 



This Activity requires 20-minute segments of time on a number 
of different days. If done entirely in class, the Activity 
requires' approximately 3 hours; however, some of the i=^ctivity 
can be done by the children at home. 

r 

Some^ Sections of the Activity must be done on a cl^ar sunny ^ 
day. For this reason, this Activity need not: precede the rest^ 
of the Miniseque^'nce , but can,,be done concurrently with Activ- 
ities 3, 4, and 5. , / . 



TEACHING SEQUENCE 



1. Show the children a flash- 
light and ask them to describe 
what happens when" you turn it 
on. 



COMMENTARY 



If the children do not realize 
that there are batteries in 
the flashlight, be sure to let 
th'em discover this. * In addition 
to the beam of light which is 
produced, the chil.dren may also 
infer from previous experience 
that the batteries in the flash- 
light are changing and that 
their chemical energy is being 
used-up. (See Grade 3, Mini- • 
sequence IV, Activity 4.) 
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.MINISEQUENCE IV/Activity cl 



TEACHING SEQUENCE 

Give each team a piece of 
bl.ack pap'er , a piece o*f white 
paper, ^ a pi-^ce of transparent 
plastic or cellophane, and a 
piece of aluminum foil. You 
may also want to give them a 
mirror or^-^^sk them to b'fing 
one from home. 

• Wh-at happens when the beam 
from the flashlight is . 
allowed to fall on the 
mirror, on- the aluminu^n 
f oi 1 ? ce llophane? white 
paper? bl'^ack^^p'aper? 

Suggest t^hat the children ^ex- 
periment in ^a darkened room 
ahd pay close attentio^j to 
everything that they can find 
different about the inter- 
acti(j^ns of the, light with the. 
various materials. They 
should write.. 'down what they 
find out for later use in 
class^discussion. 

After the children have had a 
chance to exp^eriment with the 
materials, have the class as 
a whole discuss what vthey , 
have found. ^ ' 



Wh^t l^.appened 
in each 



to the light 



case 



ERLC 



'If the children do not notice 
that some of the light bouncred 
back (reflected) from the 
white paper, suggejst that they 
try experimenting again'while 
paying attention to', what hap- 
pens to the rest' of the. room - 
p 
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The children' can' <^ork. in' pairs 

for this Activity. In addition 

to the recommended materials, 

you may, of course, suggest 

that 1S:he children try other 

materials of their own choos- 
f 

mg . 



If^you decide to carry out this 
part of thfe Activity at home 
rather than in school, each 
child wil^l need to have access 
to a flashlight and mi-rror. 



The children should find, at ■ 
least, that most of the light 
^es right through the clear 
plastic; that .most' of the light 
"just stops," or disappears, 
wh6n it- strikes the black paper; 
that the light bounced off the 
aluminum foil and the front- 
side of the mirror ,• and that 
some of the light goes through 
the white paper and some of it 
bounces back . * 
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TEACHING SEQUENCE' 

"•' ' • V 

when the light is turned on 
and off the various materials. 
This should help them find 
that ttiex light bounces back 
from the w.hite paper and* 
lights up the r^jom much more 
than it does when it hits the 
black paper. * 



A- 



What happened to the light 
that you couldn't see any 
j]nore--the light that was 
"trapped", by the black 
paper? 



2. "fhiis Section can be done 
by teams of 3 to ,4 sta^dents,' 
or you may hrave individual 
students working on it at f 
differe-nt times after the 
initial discussion. 



What happens to 
ture of objects 
are left in the 



the tempera- 
when they 
sunl igh t ? 



•* Does it, make a difference 
whether the objects ^re 
light colored > or dark 
colored? ^ 

Whatever they say, yoy m^iy 
suggest th^t they check their 
ideas. by Using thermometers 
and pieces pf different col- 
ored paper — black, grey, a^and 
wh'ite (or aluminum foil) . 



MINISEQUENCE IV/Activity 1 



Ask the 
po^s ib le 



children 



to suggest 
^ays of doing the*'* 
experiment. The proce'dure on' 

V V 



COMMENTARY 



The evidence^ for its bouncing' 
back is that ' the'y ocan still see 
the light.. Thi^ is not true 
when light strikes black p^er. 
It IS important that children 
understand, this difference, 
because, in the next Section, 
they will find that hejat energy 
ds produceii when the- black 
paper^ "traps" light, and'very 
little heat energy is produced* 
when light , reflects from white 
paper or; aluminum foil. " 

The children probably will not 
be able to answer this question 
yet and should not be pushed to 
do so. It is useful, however, 
to lead them into the next , , 
Section. » . 



The children will probably ' 
respond *by saying that the. 
objects become warme:^ itheir 
temperature in^creases) 

Even if they happen^ to have 
heard that da«rk ob j^ec ts become 
w^armer 'than* light-codored ^ 
objects, the children will 
^^^grobably not all be c^ert ain 
this . ' * . 



^Discuss their ideas. The cb'il- 
dren ^^liould realize the impor- 
tance of having every group 
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' TEACHING SEQUENCE 



whi^ch they agree should be 
something like tjie following: 
'One nvember of each team will 
keep track of the time with a 
sweep second hand watch, call- 
ing time at t>he end of each 
minute. Another child will 
record the' temperatures which 
are called- out- by the remain- 
ing m©*mbers of the team, who 
will be holding the thermom- 
,eters (by the tops), facing* 
the sun. 

You may want to suggest ^he 
design des<?ribed » under Prteparat-v 
tion for Teaching for the 
folding and taping^ of the 
thermome te r^ CO vers . Give each'^ 
group an example of a finished 
coj/er. Then have the children 
prepare , their own sets of^ 
thermometer covers with ther- 
mometers. The children^ should 
also agree on h'ow they are 
going to hold the thermometers 
record the temperature, carry 
them Into the sunlight and 
then record subsequent 
ature changes. 



temper-^^ 



\ 

This<is an excellent 'tithe for 
the children to try making 
their own Worksheets. Pass 
out paper and suggest that 
•th^y w-rite in headihgs for 
the in format ion* needed . s 



3. This Section must be done 
on a bright, clear, sunny day 
without much -wind. Five 
minutes is generally enough 
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COMMENTARY 

use exactly the same techniques 
if the results* are to be com- . 
pared r la ter . 



Let thes children try any other 
designs ^they may think of. ih 
is a good opportunity to en- ^ 
co'urage innovation in experi- 
mental procedures. 



The i^' Workshee t sl>ould^ be some 
vari»atdon of the following 
f o rma t : 



Ac ti vi ty; 


Nam^e : 


Reading 


Time ' 


Tempera ture 


1 






2 




s 


3 






4 






5 * 







/ 

If you wish, each child can 
make outdoor observations 
independently on the worksheet 
which the class has developed^. 
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' MINISEQUENCE IV/Activity 1 



TEACHING SEQUENCE 



time to observe the thelrmom-^ 
eters in the sunlight, al- 
though the children may repeat 
the experiment after waiting 
inside qr in the shade long 
enough for the temperatures 
registered by the thermometers 
to return to'norfnal. 

When th^e children have all had 
a chance to try. the Experiment, 
call them together to discusfe 
what they have learned. 



Ask the children to recall the 
results .of Section 1, 

' • What happened to 4ight when 
it* struck a white or shiny 
surfacB? What happened when 
it struck'a black surface. 

The cThildren sHould now be 
prepared to answer the ques- 
tion they* were lefj|||>^with a% 
the end of that Section. 

♦ What happens to light when^ 
it is trapped by a black 
^surface? Does it just dis- 
appear? 

You may ha-tjie the children men- 
tion some practical examples . 

*of the conversion of light to 

*^he at energy . ^ 



Point out that since light can 
be converted into heat* energy, 
we consider that -lijgJi^t iSi also 
^a kind of energy. The nam^e 
for this kind of energy i^ 
"radiant energy." 



COMMENTARY 



The da.ta ob^-ained can then be 
discussed *in class. 

Caution the c^i^'dren not to 
^lay the thermometers down on 
a surface because th^ tempera- 
ture 9f that surface wil'l af- 
fect thei't readings. 

They "^should agree that the black 
covered thermometer showed the 
greatest ris^ in temperature; 
that the- grey-covere<? thermom- 
eters showed less of a ris'e in»*. 
temperature and that white ^aper 
or aluminum foil-covered ther- 
mometers showed the least -rise 
in temperature. 



^he light bounced off the , white 
or- shiny surfaces. The light 
was stopped or' "trapped" by a 
black surface . 



No, light is converted to heat 
energy when .it is trappe.d. 



For example^, they may know that 
black, asphalt roads 'become 
very hot on a sunny day ot 'that 
dark clothing general ly bdcome^ 
hotter in the ^un than .does 
white* clotrhing. 



You may want 
dri&n speculate 



to have the chil* 
on whether or 
not all»x)f the light energy 
became heat energy. Although 
they wilT not know for sure J 
they should be able to. infer, 
from their experience in the 



er|c 
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MINISEQUENCE IV/Activity 1 



TEACHING ' 'SEQUgWCE 



4. Now suggest to the chil- 
dren that, sinc^e black Sur- 
faces "trat>" more 'radiarvt 
Energy and be come ' warme r in 
the sun than do, lighter col- 
or.ed surfaces, a thermometer 
might be m.ade into«a good 
^radian't energy ."trap" by 
painting its bulb black. 

Give < each. pai r of Children a 
thermometer. The children can 
take the thermbmeters to the 
black poster paint a^d dip the 
'-bulbs in just up t'o the edge 
of the plas ti c • ^ 



5 



50- 



30- - 



20- 
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preceding sequence ainong others 
.that no energy should be "lost. 



biaek paint 



It is assumed 
wi 1 1 • be using 



that the 
the same 



children 
*the^mom- 



eters whose Ipwer backing \Vas 
cut off in Minisequence- il I . 
If they are notv the backing 
should first be cut off as 
\des cribed . there in or<3er to 
expose the bulb. 

If t^e paint do^s not cover the 
glass bulb, b.ut runs off, it 
may be necessary for the chil- 
dren\ to wash the bulbs clean 
wirth^ a little soap and water 
/and then dry them with a paper 
towel before dipping ►them again 
into the paint. Because it 
will take some time for -the 
thermoifteter bulbs to dry, you 
may wish to have the children 
prepare. t^e thermometers early 
in the day and return to the 
Ac tivi ty later on . ^ ' 
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TEACHING^ SEQUENCE 



They should then set the 
thermometers^ to dry with the 
bulb end propped* up so that 
it does not touch "anything, 

• What might happen if these 
' thermometers with blackened 
bulbs were placed in the 
'sunlight? 



Npw ask what would happen if 
he thermometers were placed 
in the shade and beams of 
li^ht reflected onto them by 
usirfg mirrors in the sunlight, 



Let pairs of children try plac- 
ing thermometers in the shade 
arid shining beams of sisinlight 



onto th'e blackened bjilbs ^ith 
mirrors. One child in 
pair can hold and observe the 
thermometer while the other 
positions the' mirro^. 



bs >\p.th 
'eacli 



Some children may become curi- 
ous about^ what might happen if 
several reflecte,d beams of sun-' 
light a're allowed- to strike 
one blackenp^ thermomete r r 
bulb."" They .should' b4 encour- 
aged to work with other teams 
to tr^ such an experiment.. 

5. In this Section the » > * 
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COyMElHTARY 



The children should be able to 1 
predict that the thermometers 
win show higher temperatures 
than usual because the blackened 
bulbs will trap radiant energy 
from the sun. (Unblackened 
bulbs would trap some radiant 
eneirgy^ also, but would show a 
smaller temp©o:ature rise.) 

t 

If some of* the children have 
learned to think of light as 
radiant energ^y which can be 
converted' into heat energy, 
they should be able to answer 
that *they e xpe c t the tempe r a-^ 
tures registered by the ther-'"* 
mome^ters'to go up. If they 
have nbt.as y^s^grasped this, 
the followirrg^' experiences will* 
reinforce this concept. 

This part of the Activity must ' 
be done o'n a bright, clear, 
' sunny day. Caution the chiM- 
dren about the danger of look- 
ing directly at the sun or at 
its reflection in a mirror. . * 

In some classrooms the child 
holding ^he thermometer could »^ 
remain inside the room while 
the "'o the r child re f le o^ts a 
beam of sunlight in through 
the window*. 

I f tf)»is question does nqt ar^ise 
spontaneously , you might raise 
it and let the children test, 
it. They will generally find 
that the more mirrors they' aim, 
at^the blackened thermometer 
bulb, the* higher the tempera- 
ture rises . 
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MINISEQUENCE IV/Activity 1 



TEACH-ING SEQUENCE 



'children are shown how to ma\fe 
a Jdind o€ mirfor that will 
reflect and concentrate 'a 
veVy large amount of light 
onto the 'b lackened thermomet-er ' 
bulb. You might begin by as\- 
ing l^e children if they have 
seenjrehe r^Flec-tors that people 
someJPwnes use to shine sunlight' 
on theXr faces to get a suntan 
Suggest\that they might use 
the same principle here to ( 

,help the thermometer catcl:^ 
even moire' radiant energy. \ ) 



•Give each pair of childi:en a 
piece of 'white paper, ,a piece 
of aluminum foil about!: the same' 
size from the roll, a pair^ of 
scisso rs , ' and access to glue 
(this can be shared with other 
t-eams). They can beSgin by 
gluing the aluminum foil to'the 
piece of paper with t*]pie ^hiny 
side showing and 'the dull jdide^ 
toward the paper. Then 1^hey 
can use the scisscirs to trim 
the excess foil from the edges. 
When eve^ryone" has thrfir foil 
glued to paper and trimmed, 
they can roll it into a cone, 
like the on*e shown, with /the 
shiny side in. The cones 
should come to a point on one 
end^ |ind be open 6 or 7 cm 
wide on the other. When the 
children have formed good 
cones, they should staple 
therti, as shown, or use tape 
to hoLd them, in shape, Then 
have the chi^ldren cut just 
enough ( about 1 cm) off the 
tips of their^ cones, -so tHat 
the thermometer bulb can just; 
slip through. They can then* 
insert the blackened thermom- 
eter bulbs t'o the point where 
>th6 backing touches the cone. 
With a "little modelin*g clay 
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You midht w^arn them that this 
is a v^ry poor practice -because 
''^he absoE:ption of radiant ener- 
gy from ^iiihe sun, which includes 
invisible ultrr a-vi-olelt radia- ' 
tion as weli as visible light 
and invisible infra-red (heat) , 
canNcause damage to the skin 
and/t-o the eyes. , 




214 



226 



/MINISEQUENCE IV/Activity 1 



TEACHING SEQUENCE 



they can f^steii the thermom- 
et'er and cone together. The . 
^bulb of 'the thermometer should 
be cen-tered so that it does 
i^ot touch the sides of the 
cone. The adjacent sketch 
shows the completed "radiant 
energV trap^. " \ 



COMMENTAI 



lIlMiMli 
fill 




-0€ 



-or 
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MINISEQUENCE IV/Acfeivity 1 



TEACHING §EQUENCE 



Let the chi^ld^en try out their 
radiant energy traps on light 
sources'* such as flashlight, 
incandescent lamps, and the 
s^n . The ttap is used by 
pointing the open end of the 
cone, at the s.ource/ The 
c^hildren should record their 
findings on a' worksheet 'of 
their own design. 



When the children have had 
time to use theil^' radiant ei^-- 
ergy traps vi tJj - various light 
sources, have them sljiare . the ir 
findings.^ If questions come 
up which can be answered by' > 
experiment, groupsj^ of children 
can desi^gn and perform such 
expe riments . 



ERIC 



^Next, ask what would happen if 
a mirror were used to reflect 
* a beam of»sunlight into the 
radiant energy trap. Have 
pairs of children try out 
their ideas. (Agaii), caution 
them 'not^to look directly at 
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COI^ENTARY 



fThis section, should be kept 
fairly "open" for the children 
to'try'out the^v^cone device, on 
all sorts of li'^ghi^ sources. 

Ckution the chi Idreif. no t to^ 
let the thermometers go above 
50°C as they may brea^. They 
will reach 50*^0 in about twenty 
se ponds, if the fraps are aime d 
at the sun on a clear day; so 
care will be netessary. 



For example , "'when the cone 
device is two feet from^ a 100 
Watt light bulb, some children 
may think tha-t it shows an 
increased temperature because 
t^he air around it gets warm and 
not because it is catching 
racfiant: energy* They can test 
this idea by putting an ordii^ary 
thermometer near the' deVice * 
tQ measure the air terapera- 
ture . 

Yqu lOght show "the cfiildren a 
picture of solar ccrbkers " 
which wo^k the same way \rs do' 
tlleir radiant energy thermom- 
eters. ,One ^ch pictuife ib on 
page 184 of the LIFE Science 
Library 'book ,"^5/3er9*y . Such 
cookers ar'e a*otua^ly used in 
,soT(ie parts of 'the world whe.re 
ther^e is a great deal of sun- 
shine and *th-e cost of fuel is 
'high compared wi th the gener*al 
e cdn o mi c '1 e V e 1 . 

Unl'ess the childret^n have them- 
selves thougljt of ;this exp^ri-#. 
memt) you should suggest it. 
Its purpose is tS Strengthen 
the connection betweeii radiant 
eniergy^, which ^is ^converted to' 
he^at energy ''when absorb'ed, and 



MINISEQUENCE IV/Activity 1 



TEACHING SEQUENCE 



:5 



the sun or into 
reflection in a 
w'ay'^to -perform 
is to have one 



the sun*.s 

mi rror . ) One 
the experiment' 
child stand in 



the shade against a wall hold- 
ing the device pointed toward 
the other child, but without 
looking into the beam of 
re fleeted sunlight. This 
Reflected beam is produced by 
the other *child holding a 
mirror in the sunlight a few 
feet away., -aimed at the open 
end of the cone. 



6.' Finally, set the electric 
iron where it can be seen by 
the class. Tilt it up in tihe 
usual way so that the hot side 
faces,' across a table and turn 
it tq the highest setting, 
but don't plug it in. From a 
distknde of atjou-t--one and a 
hal^' feet, aim one of the 
radj/ant energy traps at the 
flai surface of'the iron., 
Alsb set an ordinary thermom- 
eter next to th,e trap 
eq^Kdistant from the iron 

easure the air tempera-^ 




some cTiildren tc^ook at 
the thermometers and report 
their readings to the class. 
Get thje others to' predict 
whaj^the readings will be 
after the iron is plugged in. 
Then.'plug it in and let other 
children read the thermometers 
froir^ time to. time. 

• How do the temperature 
readings compare? . 



• Why do you think the 



COMMENTARY^ 



light, which reflects from 
mirrors, travels in a straight 
line, and goes through materi- 
als. ' *' 



in the background 
second child to 
how he or she is aiming 
light beam . 



Having a wall 
•will help th^e 
see 

the .-^^ 

\ ^ ^ . 
The childreji should find that 
the temperature shown by the 
thermometer rises quickly, 
although' not as -guickly as 
''when the cone is aimed directly, 
at the s-un . ^ 

This last Section of the Activ- 
ity is do^ne as a dejiions titf'a fcion . 



Within a few minutes thfe ther- 
mometer in ^he radiant energy 
trap ^ill 1^2 showing a higher 
temperature than the ordinary 
thermometer^ % ' * 
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Apparently there xs 
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MINISEQUENCE IV/Activity 1 



TEACHING SEQUENCE 



readings differ? 



How does 
t^ext. set 
.trap 
tion 
from 



this energy travel? 
the radian t energy 
as shown if^ the illustr/i- 

Notice that radiation 
the iron cannot^ get to it 
because of the screen, (which 
may be 'a book, etc^) I Befare 
putting the mirror (aluminum 
foil-coyered cardboard) ^in 
place as shown, let some chil- 
dren read the temperature of 
the thermometer in the trap, 
•fhen place the aluminum foil 
mirror in position l?y sighting 
along the detector and turning 
the rtfi r ror/ un ti 1 the electrr-^ 
iron can be seen in •the mirror 
in line witji the tr^p.* Now 
let some other chi.ldren read 
the thermometer. 
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coming from the iiyDn which is 
registered ^s a temperature^ 
increase by the thermometer 
in the cone tievice but not by 
the other thermometer. (The 
latter measures only the air 
temperature . ) 



The temperature of the cone 
device should have returned 
nearly to room temperature 
before b e^gf^i nning this part of 
the demonstration. 




20 cm 



Discuss the children's observa- 
tions with them. 



Within a few minutes the thd'r- 
mo meter will again show an in- 
creased .temperature. 



Appropriate conclusions might 
be tha.t: 

1. The iron is a source of 
energy which* can be trap^^ed by 
the cone device; 
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MINISEQUENCE IV/Activity 1 



.TEACHING SEQUENCE 



You may suggest that what the 
iron IS giving off can also 
be, called "radiant energy*' 
even though it can't be seen. 
It can, however, be detected 
by their cone device, which 
in this case could be called 
a radiant energy detector. 



a. 



. COMMENTARY 

2. This energy appears to 
travel in the same way that 
light do es ; 

And it reflects from 
aluminum- foil the way that 
visible light does. 

If you wish, you can tell the 
children that this type of in- 
visible radiation is called 
"infra-red radiation." It is 
just one of maay types of in- 
visible^ radiant energy . Ultra 
violet radiation and radio 
waves are two others. ' * 
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Activity 2 Chemical Energy (Batteries) to Heat Energy 

In t:his Activity the children will find that a battery ^nd bulb, 
which they know can produce both light and heat energy when con- 
nected into a completed circuit (Grade 3, Kinisequence IV), may 
be used to produce only heat energy. A bulb that has been 



painted blacJc^is used as^ the "heat machine. 

In"' the previous Activity, the children used a 'blackened ther- 
mometer bulb to help them detect and measure heat energy being 
^ transferred. Here, by comparing a blackened and an unblackened * ' 

^ flashlight, bulb the children find that a battery and bulb .may 

be used .to produce eithe.r heat energy only or to produce less ^ 
heat energy and some light (radiant efiergy) . 

What is the ultifma.te source of the energy in a battery? How 
long will it last? The children investigate these p-qints by 
dr^iwing current from a flashlight fiattery, to the end of its . , 

useful li<e. They findtthat part'^f -theiP energy ^stored in the 
battery goes into heating the battery, the remainder presumably 
^ going into whatever;, circuit is 4:onnected to it. Frojn th.eir ol5~ 

. servation of a chemical leaking out of the' battery 'at "the end 

of its' life, the children are led -to strengthen the conclusion 
' "thaJ: the source o f^ energy in a battery is chemical (electro- 
chemical energy). ^ • > * ^ 
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MATERIALS AND 



For ^the class you^wiJrl need: . 

1' jar poster paint, black 



1 



clock wi th a ^weep second hand 
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1 roll masking tape ^ 

aluminum foil (small amount) 
paper ^ ^ , '9 

graph paper (about 4 squares/in. ) (2/cm) - 

■ ^ w ^ V : 

/ several old new%ap^rs Or .a r611 of j^lastic wrap 

1 No. 6, "Ignitor" dry cell. This is the large (6-1/fi cm 
*aiameter by 16 cm) dry cell with'' two screw tjsrminals on 
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MINISEQIJENCE IV/A-ctiVity 2 



the top. (.optional) 



1 wire cutter Cop-tlonal) • / ' * i 

1 piece, about 20 cm long, of^ iron hair wire, No! 30^, 
available from Woolworth ' s other department stores 
(optional ) * " 

For each, team* of 4 children, you will need: ^ 

2 flashlight bulbs. No. 14 

2 sockets for the above (A.S.&E No. 006H002) 

• * > 

4. flashlight tjatteries in good condition ("D" cells, not 
alkaline batteries) 

^ 3 pieces of bare copper or aluminum wire, 12-in. (30«cm) 
l^ong 

*' 1 thermometer 



PREPARATION FOR TEACHING: 

Half of^the No. 14 bud'b^'' ar^e to be used as they are. The others 
sh,6lild have the glass portion blackened. Hhis^ can- be done by . 
dipping the bulb into black poster paint. If the paint does 
i?ot adhere to th^ ^glass', first wash the bulbs in soap and werter 
to remove any oil^from the glass. The children prepare'd ther 
mometers in this way for use in Activity ^1, so' you may want to 
ha,ve several volunteers prepare all the bulbs for the class. 

Remove the cardboard ^outer ' ^ 

covering f'ram the .lower two ' 
thirds of each of the 'flash- 
light bat^ieries. This wil'l 
expose mos't of the zinc can 
/negative end) -of the battery^\ * • 




ALLOCATION OF TTME : 

Approximately .2 h^urs are needed for this Activity 
PAR-T A . . , A 
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MINISEQUENCE IV/Activity 2 



TEACHING SEQUENCE 



1. Divide the class into 
groups and give each group a 
regular No 14 bulb, a socket/ 
two flashlight batteries and 
two or trhree copper or alumi- 
num wires to be used to make 
the circuit. They ^hoUld als.o 
have access to aluminum ' foil 
and masking tape. * ' 

A,sk the childre*n to attempt to 
assemble the materials in such 
a. way that the bulb lights. 



Can you get the bulb to 
light more -brightly than 
it does with one battery? 



See tha't each team knows how 
to do this with a circuit such 
►as th^ one shown ^n the illus- 
tration below. You may want 
to draw such a circuit on the 
chalkboard. 

Next as'k the chi Idreln, to 
break their circuit. at« some 
point to turn the bulb* off. 

Then give each group' a black- 
ened bulb/ another socket, two 
more flashlight batteries and 
two or three more wires . Ask 
them to connect this bulb in 
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COMMENTARY 



Groups of- four children 'each ' 
would be good for this activ- 
ity. If you wish to use less 
equipment/ you might have_ groups 
^work with the materials at dif- 
ferent times in a corner of the 
room and disc us s the results 
with the' whole class at a later- 
time . 

Chilxiren who h^ve worked. wi,th 
these materials before, (e.g./ 
in COPES Grade 3/^ Minis equence-- 
"4)/ will have no trouble light- 
ing the bulb. Others should 
be given Sufficient time to , 
experiment with the materials. 
If the children need help in 
making connections to the bat- 
tery / sugges<^ that they double 
back about 1 cm at the ends of 
the wires and crimp a small 
piece of aluminum foil around 
one doubled wire. This will 
make ends that are easy to 
tape to the batteries. (See 
p. 185 of the Teacher's Guide 
for Grade 3 . ) 



Mini.sequence IV/ ;^ctivity 
Grade 3/ they 'should know 
batteries will make the 



From 
3 of 
that 

bulb glow brighter than 1 bat- 
tery. , ^ * 



Remind the children of what^ 
the symbols in the sketch 
mean.. 



It is probably' a good idea to 
t^ll the children that the 
blackened bulb ^s a bulb just 
like the regular No. 14 bulb 
but with black paint on it . 
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TEACHING SEQUENCE 



a complete circuit with .two 
batteries at the same time 
that they reconnect the cir- 
cuit with the regular No. 14 
bulb. Both circuits 'should be 
like the one shown in the 
illustration. 




When the 6hildrer\ have done 
this / ask them to state 
whether or not tbey have made 
complete circuits and what 
evidence they can give for 
their statements. 



Eventually some of the chil- 
dren should remark on how hot 
the blackened bulb feels. 
When they do, let them discuss, 
why the two bulbs (bla'ckened 
and unblackened) feel differ- 
ent. 
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MINISEQUENCE IV/Actlvity 2 

i 

COM!^ENTARY 



In one case the lighted bulb is 
sufficient evidence of a com- 
plete circuit. If necessary, 
remind the chil^Tren that bat-, 
teries/ bulbs/ wires, etc., 
are said to mak4 a complete 
circuit when they produce cer- 
tain changes s^uch ^as the pro-, 
ductiop of light or heat, and 
the gradual wearing out of the 
bat'ter'ies . Ih the case of the ^ 
blackened bulb, the -children 
may see light- through small 
holes in the 'paint, or they 
may feel the heat * produced. 

If no one notices the heat en- 
ergy, suggest that'the chil- 
dren t'ouch the bulbs to see 
how they feel. If a child 
says that one set of batteries 
may be stronger, and that trtis 
differeace accounts for the 
heat energy, ask whether they 
ink all of the children would 
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MINI SEQUENCE IV/ Activity ^ 



TEACHING -SPQUENC^ 



un 



2. Ask the children -which 
bulb, the blackened or t-he 
blackened one, will use up the 
e'hergy of the batteries first. 



• What kind* of a test could 
.be^setSup to ^determine the 
answer to this question?. 



Have some of the children set 
up two .circuits as before, one • 
with a blackened bulb and one * 
with , a clear bulb. Use two, 
identical, new "D" batteries 
for each circuit. Connect both 
circuit's at the^same time and 
place them where they may be > 
observed' from tifine to" time% 
If there are no holes ^^at all 
in the black coating on the 
one bulb, us^ ^ metal object . ? 
such as* a paper clip to scrape, 
a tiny hole so that the bright- 
nfess of^ the light inSide c^n 
be seen. a 
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have chosen the Ttrongest bat- 
teries for the blackened- bulb 
by chance. 

There may be otjier plausible 
'sugges'tions for the difference 
in tempe jrature , for which 'you 
can let the children make up 
their own experimental tests'. 
For -example, they may suggest 
sw.itching batteries to check 
whe^ther one set of batteries 
is s trongei;^than the other.. 

Since both bulbs are electrical- 
ly the same, (one is just as 
good a conductor'as the other, 
etc.) , the children may suggest 
that they will both u§.e up the 
b'atteries' anergy-at about the 
same tiiney(/lf the batteries ^ 
• are about equally good tp 
start with), On-the other hand, 
they may feel vthat one or the 
other will use up the batteries 
sooner. In any case their 

ideas can be put to^ experi- 
mental t-es t . 
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The batterp.es ' should be the 
s ame brand , purchased at the 
same^ time, etcl Be sure that^ , 
the cfiildren make good electri- 
cal connections in the circuit. 

The bulbs will dim and fin,ally 
go out at ^out the same ^ime. 
In order that this can be^ ob- 
served , it may bel necessary to 
disconnect *the cij'cuits at the 
end of one school day and re- 
connect them on tjie next. .(The 
batteries will recover some of 
their capacity to supply current 
during these "rest" periods, 
but eventually their electro- 
chemical energy will be used" up 



TEACHING SEQUENCE 



3, Have the class as a whale 
summariz^e the similarities 
and differences between the 
cLrcui t^ made with the ^wo 
kinds of bulbs in a class 
discussion. 



If^the children don't' raise 
the question, you should ask 
wK^ther'or not the ordinary 
bulb does give off some heat 
energy. If the children 
haven't noticed it before, 
tivey can feel this 'by compar- 
ing, an unlit hfulb'with one 
that has been lighted for a 
while and then turned oFf 
just^before being touched. 
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PART B • 

i. So far the childreg have' 
found that a battery and bulb 
can produce a larger ^amount .of 
heat energy as well as light 
and a smaller amount of heat 
"energy 4 Apparently . some of 
'the r,adiant energy coming 
from inside the^ blackened bulb 
•was converted to heat energy.* 
3ut what provides the energy 
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and the bulbs will,jgo out^ 

* > 
Here are some of the similar- 
ities the children might ^list : 



1 , 
2, 
3 

4, 

5. 



Same kind 
Same kind 
Same kind 
sSame kind 
Batteries 
the same 
Filaments 
equally b 



of 
of 
of 
of 



b^-tt 



'le s 



wi res 
bulbs 
x:i rcuLt 
used up in about 
amount of time- 

in th^. bulbs 
right. 



Some of the differences the 
children may list: 



Light given off b^ one bulb 
More heat; energyTgiv^n off 
by the blackened bulb ^ 
alack paiht o'n tke bulb 
giving off heat energy.' 



The bulb that 
feel a little 
that it did produce 



was lighted will 
'warmer, ^ showing 
heat 



energy 
.light. 



while it was 



some ^ 
producing 
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TEACHING SEQUENCE ' 



to light ,the bulbs? Is there 

energy conversion there 
also? ' 



P]foyide 
te r'y , a 
of ba;re 
to aluminum 



each team with »a bat- 
thermometer, a piece 
copper wire jand access 
foil,' masking tape 



flashlight 



bulb 

\ 



and a socket 



At this point they should t^st 
their batteries by seeing if 
they will light a fla^shlight 
bulb' as in the previous sec- 
tions. 

Divide each team in the fol- 
lowing^ way. One child should 
be the timekeeper. He or she 
will be* responsible for watch- 
irig the clock and marking the 
time at the ^^«nd of each min- 
ute. ,A second child will read 
the thermometer state the 

temperature when^ the first says 
the time. ^Finally, a third 
will record both the time and 
the corresponding t«emper a1:ure 
ad stcTted by .the first two. 



When, they tinderstand their^ 
various roles, explain that, 
they will* be observing any^ . 
changes" in, and recording the 
temperature of, a battery wh,en 
a copper wire is connected 
between its, two ends. 

Show them h9w they should tape 
a theriti(3meter with its bul«b 
against the zinc can of the 
battery. Then show ~threm"how ' 
to connect the copper wire and 
begin taking data, recording \. 
the temperature once a minute. 
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After the test^ the bulbs and 
sockets can be set aside. 



By having a separate timekeeper 
for each team, it will be pos-' 
sible for them to work indepen- 
dently and to begin whenever 
they have their equipment ready 



The form in which they 'record 
the data should be somethiftg 
like^ the sample shown below. 
You may wish to put an example 
on the board. 



^ TIME {mlSn . ). 


TEMPERATU^RE (°C) 
* 







It is recommended that this work 
be done on old newspapers or 
plastic wrap to^ cfrevent damage 
from leading chemicals. 

In order to m^ke a good con- 
nection, suggest that the 
children doubleback 1 cm ofi^ 
both ends of wire and 
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• TEACHING -SEQUENCE \ 



ttirfflonitir 



5Q' 



40- 



30-. 



20- 



- » 
• 4 




copper wtre 



, Answer any questions the chil- 
dren have and then let them 
fc^egin. F^-om time to time, 
while they are taking data, 
suggest that they briefly 
touch Zinc can of the 

battery to feel its tempera- 
ture • 

The children si\ould continue 
taking data for a minimum of 
about 25 minutes. If their 
'interest does not' fla^ they 
can continue for 40 iftinb-t^s, 
or even longer. Otherwise^ a 
few Children may take a longer 
series of data to show the 
class later. 
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crimp a small wad 6f aluminum 
foil^around each end before, 
taping it to the battery, as 
described earlier. 



Because* some of the batteries 
may show signs of leakage, the 
children should wash their 
hands to remove any chemicals 
when they finish , 



The^ thermometer will probably 
remain a few deg^jees above room 
temperature for nearly a day, 
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TEACHING SEQUENCE 



Have a fe\i of the teams leave 
their batteries connected, and 
set them aside for observation 
on succeeding- days • 

The^ other teams' can disconnect 
their batteries an4 check them 
again with flashlight bulbs. 
Discuss the changes *that have 
occurred in the flashlight 
'batteries as a result of the 
in te rac t ion . 



Also, discuss the temperatures 
that were obtained: ^ 

• Did. the temperature change 
more -at the beginning or 
lAter? * ^ 

p What was the highoi^t temper- 
ature reached? ^ 

• Did tyhe temperature up 
faster or down fast^^e^? 

Give each chp.ld a sheet of 
graph paper on which to make 
a graph of. the temperatures 
that they recorded. A typical 
graph is shown on page 229.^ 



3* Now, discuss the act^ivity 
again with the children. You 
might ask whether or not the 
temperatur'e of ,the' battery 
changes more at the beginning 
or later. 
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•Thes e, -should be le^t on plastic 
wrap or some other surface th_at 
will not be damaged by the 
chemicals that' leak out. 



The; changes mentioned should 
include the production of heat 
energy, the loss of ability^to 
light a flashlight bulb, and 
perhaps changes ">n the" material 
of the battery. 

You may wish to let t*hem try a 
few unused batteries for com- 
parison.'' 



li the children sfeem to have 



trouble with 
becaus e they 
of the da.ta , 
discussion* 
tha t^ graph 
answe r them . 



these questions 
have no graph 
do not press the 
Instead, suggest 
might help to 



Coordinate graphing was intro- 
duced im Grade 4 of COPERS. 
Some chi'ldrfen may, need help 
marking the axes and labeling 
them. This should be dpne as 
in the sample graphr*- It is 
important that the units (°C 
and minutes) be specified, as 
well as the numbers on each 
axis . 



The temperature should go up 
tnNe most during the early 
minutes (except perhaps , for 
the first minute) . 
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' » . TASK AND TRAINING VARIABLES IN HUMAN PROBLEM SOLVING • 
• AND CREATIVE THINKING " • . 

Project 10-'3 ■• ' ' ' ^ \ 

■ . . ^ ■ •■ ■ 

Principal Investigator: , . , . 

. Gary A. Davis, Professor of Educational Psychology ♦ 



TECHNICAL REPORTS, THEORETICAL PAPERS,, 

PRACTICAL PAPERS, AND BOOKS* 
✓ 

D^vis , G . A . . The currervtr statu3 of research and theory in human problem 
solving , Occasiona\"lPaper No. 2/ Out of ijrint. 23 .PP- *June 1966. 
ED DIG 506.^ 

Problem-solving theories in three areas are summarized: traditional 
learning, cognj^ive-Gestalt ^approaches , an^* more recent .'computer and 
mathematical models of problem solving. .Rece^nt empirical studies are 
categorized according to the type of^ behavior ^elicited by the tasj<: ove^'t 
ov covert tri^l-and-error behavior. The review extends frotti January I960 
to June 1965. . . * • 

Davis; G. A., Houtman, S; Warren, T. F.,'& Roweton, W.^E.' A program for 

training creative th^^ing : 1.. Preliminacv, field test . Technical Report 
No,. 104 . Out of -prinV. ^ 19 .^. November A969 • ED 0^36-019'. ' 



A-triree-part mojdel cbnc^ptjiaalizmg the components =of "creativit]^" ' • ' 
( u appropriate 'i.Qrjeatiye at^tudes ., various .cognitive abilities, and 
(3) fdea-genef^Mog tedfinioues . "-suggests^, a ^structured approach for 
im^jroving pr^S^j^ thinkings ''^ . « , ! ^ \ . ' ' 



Davis, G. A. , ^'Houtman, S. E. , Warren, t. "P. > • Rojwetont, ' W. ,E . , ^Mari , S. , & 

Belcher, T. L. J ^rogram for training creatliygi thjlrikinp : Inner city - 
evaluation . Tecfnical Report No. 224;^ 30?PR. Apr^il 1972. ED 070 809. 

The effectiveness of a workbook: for* trairilrig cjteative 'th^n^ing, Thinlcing ^ 
Creatively : A' Guide to Training Imaginaj^ion , was evaluated with a sam,pW 
■ of 1,98 inner-city students. The matehial^^ek-.to'^^each^atti.tudes 'which . 
* predispose an individual to behave Inore creati^^ely ind'^techniques for 
producing new combinations of ideas. * - % ' * . , 

Despite the finding that .both the training ^^erial€ and' the testing^i!^ 
ins-truments were difficult .for many of the <JSs to r|ad ^and thoroughly • ^ 
comp^ehend, most students and teachers felt|th^t students' had benefitted ' 
from the creativify training experience. Two experimental classes showed' 
modest gains in Torranee Test scores ;.,'»§s in all four experimental cfiasses 
displayed more creative attitudes 'a5 indexed by' a number of iterrfs i*n the 
20-item attitude sUrvey. ' 
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TEACHtNG SEQUENCE 



•What form of energy appeared 
duriixg the experiment that 
caused the temp^eratur^ to 
change ? 

• What was the source of the 
hea t^^ energy ? 

• Was the battery changed? 



You might suggest to tjje class 
that the battery has Uo'st 
something called "chemical 
energy" while it Was pproducing 
hea t • energy . ' 

• Cah you now give a descrip- 
tion of what happened' -when 
the blackened and unblacken^d 
bulbs were connected' into 
electrical circuits? 

• What form was the energy in 
before the start? 

• What was this chemical energy 
converted to by the clear 
bulb? 

• What was it converted to on 
the surface of the blac^^ened 
bulb? 



You might summarize the con- 



versions with simple diagrams 
on the chalkboard'such as: 
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Heat energy 



The battery-, 



Yes^ In f'act, if left con- 
nep/ced, breaks will eventually 
appear in the zinc and the 
chemicals will'leak out. Also, 
the battery can be tested and 
shown 'to have^lost some or all 
o.f its ability to light a y"- 
flashlight bulb. \ 



Chemical energy in the battery 

Radiant energy (plus some heat 
energy)'. 



ThVvfirst answer the children'* 
give\ may be "heat energy." 
But fcMpon re flection, some / ' 
children may realize that the 
inside of the 'bu3fb first mad^ 
radi ant ^nerjy ( 1 ight ) , and 
that this was converted into * 
heat energy when it ^truck and 
was. trapped by the ^bracicened 
surface of the bulb. 



V 
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chemical 
energy 
(in a 
battery ) 



inside of 
blackfe'ned* 
flashlight 
bulb 



radi an t ' 
energy 
(light) 
and some 
heat ' 
energy 



clear 
flash- 
light 
bulb 



black 
surface 



radiant . 
ene rgy 
(light) 
and some 

heat 

energy 



mQr e 
heat 
energy 



of black- 
ened flash 
ligh't bulb 



EXTENDED .EXPERIENCE: 

Show the children the No. 6 dry ce^l 1 and a |)iece of iron hail 
wire. Ask what they think might happen if you were to connec 
it between the two terminals on the top the battery. After 
the children have discussed thfe pos s il» i li t i es ^ remove the two 
plastic ca^ps from the terminals and wrap cAie end of the^ wire/ 
tightly around one of the terminals. TheTi^pull the other end 
pf the wire over against the otjjer terminal. Soon the wire 
should 'begin to ^loW with red light. ' Do not keep, the wire 
across the terminals for very long as this heavy load will 
quickly run down the b^Jtte^n^ * Do not 
the 'poles because it becomes very hp^, 
not, to touch it either. 




touch the wire between 
Caution the children 



Dim the room^light b!y lowering the shaded, if possible, and 
turning out the room lights. Again, pull the wire ag^^^inst the 
battery terminals. The children should observe the glowiny red 
wire. Help^them to understand that light is coming from the ' 
hotwire.. 



Discuss the forms of energy t,hat were involved: W^t kind'of . 
energy was involved when the wire became hot? (Heat energy). 
What was the- sou^ce^^'of the heat energy in the battery? (Chenjical 
energy) Thus the sequence of transformations thaft take plaQe ^ 
is: chemical energy — 5fe(e lectriq^l energy* — >).heat ♦energy - ^ • / 
radiant ene-rgy.c What is t/he final form of energy pro*duced? 
( Radiant .energy / or light, plus some heat). . * 
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Help the ghildren'to compare this activity with what they did 
earlier* There th'e conversion*^of radiant energy to heat wa's^ 
studied; here -they have seen an example of the conversion ^df 
heat energy to radiant energy (light^T^ They sjiould be able to 
think of other examples, such as w^en a wire is heated in a 
candle Ylame. ^ 
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Activity 3 Chemical Energy (Food) to Heat Energy 



In the previous two Activities, the children have observed that 
some heat energy is produced when energy is converted from one 
form to another. They detected' this heat energy by measuring 
the increase in temperature with a thermometer followrng 'dif- 
ferent energy transformations, m this Activity t*he children 
-will investigate anotlier kind of energy .trans forma tion , one \ 
that plays a very important ' role in li'ving things. They will^ 
find that-when seeds germinate and begin to grow (use cYiemipal 
energy--food) , a measurable amount of heat energy is produced. 
The children will find that when yeasts utilize apple juice,- at 
least paxt of the chemical energy is^also degta^^d to heat. 
The idea which is introduced here — that when, energy is trans- 
formed, some heat energy is produced--is ' an i'mpo'irtant one.ir\. 
the degradation of energy conceptual scheme and the various^ 
experi'ences with it are preliminary to the types of inter- 
a-ctions considered in Grade^ ^.^ ^ v • ' 

MATERIALS AWfO EQUIPMENT: * ' ' ^ 

For 4ach group of 4 or 5 ^children you will jieed: 
. 2 th^ermos bottles,, 1/2 pint size ' 
2 thermometers/ -20°C to 50°C' 
For the class you will need: — ^ 

1 hot plate and pot with cover , ^ , 

clear plastic food wrap, 0. ^roll 

seed^;^ black-ey^d p'gas , peas , kidney t^eans , lima b'^ans, 
corn or radish seeds or any other seeds which germinate 
fairly ra*pidly , . • - • 

paper towels * ^ 

germination dishes, such as glas s ^or .-pi as t i c p^ri 
dishes • . ^ ^ 

* . ' -. . ' 

1 450x microscope .(optional) 

For each pair of children you will need: - 4 

2 polyfoam cups, 6-oz to 8-oz (180-240 ml) 
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2 thermometers, -20®C to 50®C 

4 pack ages baker's yeast (1/4 ounce) 

IcopyofWorksheetlV-^ 
r . ^ 

2 stirring rods (popsicle sticks make ggpd ones) 

r l-oz /approximately 30-ml) cup, waxed paper o,r plastic 

PREPARATION FOR TEACHING: 

A few days before you want to start this Activity germinate 
seeds in germination dishes on moist paper towels. 'The chil- 
dren can' help with this preparation, which is similar to what 
they'wlll be doing in the next sequences (See Activity 4 of 
Minisequence V). Covfer the trays loosely with plastic wrap. 
Each of the two thermos bottles will be half filj^d with seeds. 
^Therefore germinate enoug'h seeds (for each 'group) to about fill 
one thermos. Use large seeds such as kidney beans, black-eyed 
peas, peas,^corn, lima beans, etc., all of .which can be pur- 
chased in quantity at the supermarket. Radish seeds, although 
mailer, >have the -advantage 6f germinating in about 24 hours. 

' ■ ' ■ . (' 

You mxgnt want to ^sk the children to bring in- thermos bottles 
from home prior to beginning the Activity. Each group wi 
need 2 bottles in the small, 1/2 p^nt size. 



-> t tl^s in 



About '24 hours after^ the seeds have begun to germinate, divide^ 
the seeds into 2^ groups, which may bl designated as experimd'^ntal 
and controls The control se£ds will.be^ killed before placing 
: them in one of the two thermos bottles:.. Boil them in water- for 
\^about five minutes ^nd let them cpol in the covered pot. The 
.Activity should begin at-^this point. 



ALLOCATION OF TIME'S * , 

Approximately 2 hours will be needed for this Activity, extended 
over a per'iod of a week or so. , f 



TEACHING SEQUENCE 



1 Initiate a short dis- 
cussion to review the, idea 
that living things can grov^^, 
provided a food 'supply i^ 
availably. If there is no * 
food, there is no growth. / 

234 ' * * ^' 
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This idea was introduced in 
Grade 4. of COPES (Minisequence 
I*) Where mold was seen to grow 
on bread kept in a moist. closed 
System.' 
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TEACHING SEQUENCE . 

• What happens when a living 
"thing grpws? 



You may want to suggest 'that 
growth is' a change, which is 
evidence of an interaction; 
therefore, one might expect 
that some conlT^sion of ener- 
gy would be involved. 

• W^at do. you think i-s the 
sovtrce of energy for living 

* things ? ^ ^ ^f- ^ 

• Do see.ds rg^quire food ener- 
gy for growtlrf^. Encourage 
what wi'll probaiarly be a 
lively discussion bas&d^ 
upon the children's prior 
experiences and observa- 
tions . . 



4 



• .What would you piredict might 
happen to this food energy 
when it is t rans f orme'd ? 
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Growth involves not only the 
obvious increase in size, which 
most' children recognize readily, 
but al^so an increase in com- 
plexity. Those who do not 
re cogni ze the latter can be 
asked, for instance^ what hap- 
pens when bajbi es grow? .Do 
they simply increase in size 
in becoming children? 



Food is ,the source of energy 
for many living' things. 



There might be some' confjasion 
here. ^Possible responses are: 
Yes , the seed gets its food 
from. the storage leaves, the 
cotyledons. (Starch was ^de- 
tected in the storage leaves^* 
in a Grad'e 3 activity).. Yes, 
the ^seed gets its food from 
the soil. ' Yes, the seed gets 
its food (energy) from sun-"* 
light. No, seeds don't recjuire 
a food souree because they will 
germinate in plain, water fetn.d 
in the dark . ^ 



The children hopeful'ly will 
draw upon their past experi- 
enced wi th ^energy tran-s forma- 
tions . Heat energy is almost 
always produced when energy ^is 
converted from one form to 
another. 15 the children'do 
not suggest that heat energy 
will be produced, you might 
ask them about the previoiia 
Activities in which heat ener- 
gy was observed following dif- 
ferent energy trans formations . 
Take the time to introduce • this 
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TEACHING SEQUENCE 



Help the children to formulate 
the following hypothesis: If 
food energy is stored 'within 
the seed, then when the seed 
germinates and begins to grow 
and utilize the food energy?, 
some he at energy should also 
be produced. We should be 
able to detect this heat en- 
ergy. 

In order to help the children 
design a system for detecting 
this type of e.nergy conver- 
s4ou, raise- the following 
que s tio ns : 



What will 
system if 
produced? 

What will 
energy if 



happen to the 
heat energy is- 



happen to the heat 
it is pro dia c e d ? 



• How can the loss of heat 
energy be minimized? 



Nerxt, show'' the children the 
see'ds which have begun to 
germinate and explain that in 
,cf?>aer to 'show that the ^ex- 
pected^effect' (the production 
of heat energy) would not be 
obtained by**seeds which are^ 
unable to utilize Jl^he stored 
fppd, .you have prepared a 
f 
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idea with the children. it is 
an important, understanding in 
'the degradation"" of e'nergy con- 
ceptual s cheme . 



•N 



There will be a rise in tem- 
perature. Therefore*, thermom- 
eters will be needed to detect 
the heat ehergy^ ' 

It will be lost to the sur- 
roundings rather quickly , 

Insulated containers could be 
used . Thermos bottles will be 
needed in thi-s Activity be- 
cause the germinating seeds 
produce a relatively small 
amount of heat energy over a 
long period of j|iine.." T^e r.ate 
of heat production mUstVjpe 
^greater than the rate of heat 
loss if a temperature rise is 
to be observed^ 
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TEACHING SEQUENCE 



control group of boiled seeds 
which will be subjected to the 
same experimenjtal conditions. 
They are to half f'ill each of 
two thermos bottles--one with 
the control s/heds , and one 
with the experimental seeds. 



this pointy the children 
"should have *two 1/2-pint 
thermos bottles, each o| which 
*is half full of seeds which'* 
have begun to germinate*^ One 
bott]^e (the control) con^tains 
dead seede "and the other^. liv- 
ing/ones • They should crumple 
up 'some plastic- wrap and place 
it in the neck of each thermos. 
Then place a thermometer' into . 
each ther,mos, sticking through 
tthe plastic wrap. Label the 
thermos bottles as to seed 
type, experimental or con- 
trol, and data and time of 
placing the se^ds in^ 



Rave -the children record the 
temperature in earch thermos 
about twice a day and record 
their data. 
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in groups 



The children can work 
of- 4 or 5 on this"^ experiment, 
with some fhembers of each team 
responsible for the experi- 
mental set-up and some for^ the 
control. The' child^rfen should 
trans fer the boiled seeds to 
the the-rmos as carefully as 
possible , trying to maintain 
asefftic co-nditions as mpch as 
possiblei ' This is necessary 
since if too much mold gets 
into the thermos, tive mold will 
grow and heat energy will be 
produced. If this h*appens , 
you will have to discuss this 
phenomenon with the children. 



You might want to ask them to 
set up their own Worksheets 
silnfiilar to the following: 



Time 


Temperature (®C ) 


(HoOrsJ^ 


Expe rimeiTtal 


ConbjSioJ. 


Start 






5 
24 

29^ etc. 


\ 




r 
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Once a large temper^ure 
increase has been meas'ured, 
,let,the chi Idren . examine the 
contents of the control and 
experimental thermos bpttles 

/ 



T^)e temperature of the experi- 
mental bottle will rise sub- 
stantially in about 24 hours 
^ ( to ab<mt 4CC) whi le the re 
will be^^o significant incx;ease 
in the temperature of^the con- 
trol bottle. 

It is not necessary to keep the 
experiment running much more 
than 48- h'ours. Be sure that 
the temperature is not all owed 
to rise above the limitof the 
thermometer. 

There will have been substan- 
tial growth in the experimental 
bottles and none in the 
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TEACHING SEQUENCE- 



Conclude the activity with a 
brief jiis.cussion emphas^-zing 
the accumulated evidence to 
support the children's 
original hypothesis. 



2. Suggest that it miglit be 
possible 'to detect an energy 
conversion in another living 
system.* TJie children could 
see if .heat is producfed when 
yeasts utilize food energy. , 
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controls. Growth occurred, 
food (energy) must have been 
utilized and heat energy was 
produced. Where there was no 
growth, no heat energy was 
^^^roduced. 

The children may also observe 
a ^hange other than size in 
th6 seedlings as they begin to 
differentiate into the differ- 
ent plan.t parts studied by the 
childrejr in Minisequence I. 
You" may vjant to allow one grouf) 
'of the experimental seeds to 
continue to develop in order 
to emphasize the increase in 
or<^anization that /acaompanies ^ 
growth. The children could be 
encouraged to plant some of 
Jihe seedlings. , . , 



Some children may not know that 
yeast is a living 'substance. .# 
•It consi^sts of many tiny plant 
cells , which are so small that 
they cannot be separately 
identified with the 40x micro- 
^scope the children have used 
during earlier secjyences. 
Yeast cells do not; contain 
chlorophyll and are incapable 
of producing their own food. 
One or two of the children*, 
might 6njoy finding out some- 
thing about yeast a'nd reporting 
on it. If thferre is a high 
\powered microscope available, 
such as a 450x, it would be 
well worth placing a drop of 
yeast culture on a slide dur- 
ing this activity so that the 
children can observe 'the 
yeast^s uncellular character. . 
A cover slip should be pLaced 
on the^slide, as in other wet 
mount»s. 
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TEACHING 'SEQUENCE 



• What is a goo'd source of. 
food for the yeasts? 



• .How can w^e show "^that apple 
juic^€T**say , is a source of 
ener^^y for ydast? 



• How should the experiment 
be designed? 



Tell the chili^ren that you 
have selected quantities of 
yeast, apple juice and w^teif 
which the whole class will 
use. Ask one. child in each 
team to collect therTft^terials 
which you have assembled. 



One child^should place 1/2 oz 
240 



COMMENTARY 



If any of the children have 
found out some thing about 
yeasts, they will know that 
yeasts are particularly fond 
•of sugar, such as that found 
in fruit juice. 
1' 

Again, they n^eed a control. If 
heat energy is- produced by the 
yeasts and apple juice (which 
is largely water) , we must show 
that'^Lt • 



is not produced by 
yeasts' and water alone. 



Two systems (experimental and 
cQntrol) should be set up: The 
amount of water and apple juice 
should be the same in' each' cup. 
Similarly, the amount ^of yeasts 
should be the sam,e. 

This part of the Activity gan 
readily be done in teams of. 2, 
using polyfoam cups as the in~ 
sxilated containers.* (Of^course, 
the children can la^se t^e thermos 
battles if they w^sh.) 




The quantities of each ma/erial 
are very important to th< 
success of ^this experiment. % 
The amounts gi ven here have 
been selected to give a maximum 
temperature rise of about 7 or 
8°-d. If too much apple juice 
is used, little o^jj^o tempera- 
ture rise will be appagrent be- 
cause of the additional heat 
energy required ttD rai*sp the 
temperature of the liguid;' if"*" 
too little apple jui-ce is used, 
there will not be enough to 
wet all of the yeast cells. 
Ycfu may want to discuss these ^ 
considerations with the class 
if they question the amounts 
^sed, but' do 'this after the 
experiment . 



\ 
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WORKSHEEfT IV- 1 



Name; 



TIME>(MIN) 


TEMPERATURE (^C) " 


OBSERVATIONS ^ ' 


0 






■J 






( 








0 




20 






25 ' 






3 0- - 


0 





^ Total change in tempea'turfers 
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MINISEQUENCE IV/Activity 3 



TEACHING SEQUENCE 



42 packages) of'yeast in the 
hjottom of eacii of 2 polyfoam 
cu^s. The other team member 
canVour 20 ml (about 2/3 
ounce) of apple juice over: 
the yeast in one cup and the 
same amount of vrater over 
the yeast in the. second cup. 

Ask the children to stir the 
contents of each cup vigor- ^ 
ously for 20 or 30 seconds 
until th.e yeast and liquid 
form -a thick syrup ot paste. - ' 
Each'member of the team can 
s t i r one cup . 

'Distribute Worksheet IV-1. 
Have the children place a 
thermometer into each cup^ and 
observe for about 30 minutes. 
Once the thermometer is in- 
serted, they should not dis- 
turb the systems any further. 
They can take turns observing 
and recording their observa- 
tions. ' 

r 

Within about 30 minutes, the 
temperature of ^the miocture will 
have risen about 8®C in the 
cup containing apple juice, 
while no change in tempera- 
ture will be apparent in the 
control cup. Give the chil- 
dren time to* discuss their 
observations. . , 



Did an energy 
take place.? 



con ve rs ion 



• Is all of the energy i*n the 
apple juice trans formecj^, to 
heat? energy? 

Suggest^that some of the ener- 
gy may have been converted *to 
additional growth or increased 
biological matter , as with the 
seeds. In this process, some 

242 V 
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The children aan use the small 
1-oz (30 ml) cups to measure 
the water and apple juice. 



The children sho'uld use stirring 
rods or popsicle sticks for 
stirring rather than their 
COPeS thermometers because the 
thermometers might break if 
used' fo-r mixing the thick 
syrup. 

You may prefer to have them 
make their own Worksheets, as 
be fore . ^ 




The children may .make addition- 
al observations. They may note 
that bubples ha^e started ^ ' , 
form or thj^at the mixture appears 
lessXth^ck. Encourage them to 
recond all such observations on 
their Wo'rk shee-t . 



Yes — apparently food (chemical 
energy) was converted to» he^t 
energy. ^ - 

Ik * 
Tjie chi Idr'en 'have n^o way of 
knowing this . r * 



Actually, the yeasts increase 
in number, although the chil- 
dren have no way of knowing 
this either. Thje degrad^ation 
of energy is apparent from the 



4?> 
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^ MINrSEQUENCE IV/Activity' 3 



TEACHING SEQUENCE 



of the energy is degraded to 
heat . 



EXTENDED EXPERIENCE: 



COMMENTARY 
change in teitipeiiature . 



If some children qu'est'ixDn that the yeasts are^ giving things 
which utilized the "sugar in the apple juice for food, but merely 
consider that they interact with 'apple, juice and not with water, 
as]i them how ^hey stopped ^the g*rowing process in the seeds. 
(They were heated i^n boiling water.) Were th'ese "cooked" seeds 
able .tb utilize ^the food, grov^, and produce heat energy? (The 
experimental evidence, indicated that the control thermos showed 
n6 ri^e in temperature.") Then suggest that they repeat their 
experime-nt with the yeaS^ts and ^pple juice, but this time, 
"co-ok" the yeasts first. This can be easily -done by holding the 
sealed foil packages in boil'ing water for >aB^t 'five minutes.^ 
Then set up the experiment in a-n identicals marflTer. Vill lieat" 
energy be produced?, will the , food energy o^.the sugar'in the 
apple juice be used by the yeast? This additional experiment 
should help the children realize that the yeasts^ are like thes, 
seeds in that, if they are still alive they, ^can util.ize a food 
source. In so doing, 'heat energy is the by-product. 
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Activity 4 Kinetic Energy to Heat Energy 



JPhe concepts iijtroduced in Minisequence II of Grade 5 ara re- ' 
viewed and extended in the , present Activity, In the first Part 
the children sense the production of heat energy when a short 
piece of wire is flexed repeatedly; that>is, heat energy re- 
sulting from a mechanical in te r"^ac t i on • They then observe th^ 
disappearance of kinetic ene.rgy as heat energy is produced while 
pressing a thermometer against a spinning bicycle tire. The 
tire slows down as the thermometer registTers an increase J^n 
temperature. * ."^ » 

f 

In Part.B of this Activity, kinetic energy 'i^s converted to an- 
other type of energy, potential energy. When the conversion oc- 
curs, heat is again produced; That is, not^^ll of the kinetic 
energy could be transformed to^ pote^ntial energy. 

MATERIALS AND EQUIPMENT: ^ ^ j 

30 pieces of balre copper wire, about #20, 4-in. (lO'-cm) i - 
(available at department stores as solid copper utilit/y 
wire) 

5 b i c y c I'e s 

10 thermometers, -20*^0 to +50''C 



2 wooden*:.?or plastic rulers per bicycle, ^3:1 in. {30-mm) 

^ ^ i ^ 

tape, transparent 

5 or more rollier skates 
15 bricks ' ' ^ ' 

25 rubber bands, #18' 

5 spriftg scales, 500-g, e.g^ Ohaus 
10 metal ^lids, approximately , 5-cm diame 



1 
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MINISEQUENCE IV/Actdvity 4 



PREPAR^TTON FOR TEACHING: 

Tape ^ach thermometer to a rul- 
er as/ shown in the sketch. *The 
bulb /side is ^outward and the 
tape /covers' the bulb. For add- 
ed s/afety, tape the ent:tre 
lejngth of the glass stems with 
transparent cellophan'e tape.' * 



1 , 




.Next, loop two rubber ^bands togeth.er as shown in sketch A 5h 
p^ge 246 to make a knot as showji ,in sketch B. Pull the knot 
very tigAt. Loop a third i^her band around one of the first 
two at apposition close tg'th'e first knot% {^not at the opposite 
end of the loop); and pull this second kno t ^ ver^ tigh t as in 
sketch C. In the same way, loop a, fourth rubb.er band \o the 



third close to the second knot aiid.pull this third knot ve ry 
tight. Repeat the procedure with a "fi f th rubber band. This 
will give you a chain that ^ looks ^like sketch D. Cut the three^ 
shor.t segments marked X, which will leave a finished band as 
shown in sketch E. * o' " • 



of one of, the 



Attach on-e end of the rubber--b^nd oha'in to one -end 
oMer skates.* You might use the 'same sort of lo'oping technique 

fe^^«vband; that is, put a loop through part of y 
put irhe rest of the band through the loop and 



r o i^l e r 

you used to make 
the skate frame, 
then pull 



i t^ tight . 
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MI WI SEQUENCE I\^/Act.ivi ty 4 




MINISEQUENCE IV/Activity 4 



ALLOCATION OF- TIME^ 



, The children will need about l-r/2 'hours for this Activity:. 



TfiXCHING SEQUENCE 



PART A 



1.^ Ask the children for exam- 
ples of the convers.ion of 'dif- 
ferent forms of energy into 
heat energy. y 

^ As the chifdren give their. 
•Answers wri te them on the 
board in an arrangement some- 
thing like that .shov/n on the 
right. 



Suggest that they try to pro- 
duce heat in still another way 
Give eacn ohild a piece of 
bare" copper wire and ask that 
they work in pairs. Have one 
child in e^h pair holH the 
wire' by the ends and rapidly 



COMMENTARY 



The childtin siiould be able tQ 
suggfes t '-several of the follow- 
ing, or o the r s that are s imi^ar 



A. Cc^version 
Energy to Iffeat 



of . Chemi ca 1 
Energy . 



a. A battery with a good 
conductor connected across 
it become s wa'Jnn. 

b. A blackened bulb^ connect-*, 
ed acr*&s-s.a flashlight^ bi^ttery 
becomes warA as the battery's 
chemical energy is Xis^ed^up, 

c. A candle produces heat 
entergy as it burns* 



d. Seeds and yeast" c^lls use 
the chemicals ener^gy of,"foo^d 
to' pro^ude some heat. 

B. Conversion of'Radian^ Energy 
to Heat Energy. 



a. A black surface 
warmer when ^it 
light . 



IS 



be come s 
in the sun- 



b. A^ thermomete^r with a 
black^ei^ed ^ulb in a reflector 
shows'^a rise -in temp'e rapture • 

Keep this^list on the board % 
during the Activity as a use'ful 
summary . 
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MI.NISEQUENC5 IV/Activity i4 



TEACHING S^EQ^UENCE 



betnd' and straighten the wire 
byC tnoving his 035.^er hatnds 
together and apayt. After 
this ha 5 been don^e a few times 
fche other child- in the pair 
should quickly touch- the wire 
where it is bending; This 
can be' repeated" several, times 
until the wire b>reaks. Then 
the two children in' each pair 
can rev.erse roles and rjspeat 
the same process. 

First as4c what the children 
noticed. Then ask if any 
other kinds of energy were in- 
volved in bending the wi-re , ' 



2. Bring the bicyc,le(s) into 
class~~or bring the class out 
to the bicycles. Turn the bi- 
cycles upside down and assign, 
one or two children' to each to 
keep them from falling. Then 
have another child crank a 
pedal of the bicycle by hand to 
make the rear wheel spin fair- 
ly rapidly. He or she should 
then stop cranking and allow 
the wheel to coa'st. Have a 
third, child read the tempera- 
ture of one of the thermometers 
taped to a ruler and^ then hold 
the ruler so that the bulb 
presse-s against the side of the 
tire. When the tire stops ^ the 

248 



COMMENTARY 



The chij-dren could also quickly 
touch the wire to their lips, 
after bending it a few times , 
and feel the^heat produced. 
(The lips are mor^e- sensitive 
heat than the fingers.) ^ 



to 



ibseT: 



They will have* qbseTrved that 
the wire became/ q^ite warm when 
it was bent ba^k and fotjth. 
Hopefully^ th^ ch i 1 dr ejg^wi 1 1 
recall tTieir/Activities in 
Grade 5, Miriisequehce II,*and^ 
suggest tha/t ki ne t i c '^e ne r gy was 
involved since the wire- was 



movi ng . 



/ 



/ 



l^e turn to the list on th-eV^h a Ik- 
board and add the following: 

C. Conversion- of^ Kinetic Energy 
^ to yteatj Energy 

a, Fleming a wire produces 
'heat J / 



/ 



/ 



B4 certain that the children 
k|&ep a good grip on the ruJ^rs 
and -do not put them where they 



MINPSEQUENC^ IV/Activity 4 



TEACHING SEQUENCE 



temperature of the ther/fnome ter 
should be read again, ^ 



rjnc 
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get tangled in the spokes 





-You may wi'sh to let various 
children ^repe a^t the expe 
spinning the wheel at va 
speeds, pressing more o 
hard wath .the thermomet 
using two.- the rmome te r s at once 
to stop the tire, or whatever 
else th,ey wish to try out. Al 
ways be sure that the wheel is 
,coasting when a thermometer- is 
held against' it. 



ipj^i'ne (^ildren should be^ awa.re of 
the need for using ^herm6meters 
with similar start Lng tempera- 
tures-'^for^ ciny comparisons they 
wish to make * * 

How long this^part^f the Acti- 
vity continues will depend on 
you. ^The essential^ observation 
i s tha t the the r mo me ter bulb 
rubbing on the^ tire makes it ^ 
St op more quickly than it othei^ 
wise would and that the 'tempera 



MINISEQUENCE IV/Activity 4 



TEACiriNG SEQUENCE 



Discuss the results with the 
class. Then add another list- 
ing under the heading C. Con- 
version of Kinetic' Energy' to 
Heat Energy, 

b. A turning bicycle wheel 
produces heat. 

i 

If any children trie^d using 
different i'hitial spee'ds for 
the bicycle wheel, or, if any 
.tried using two thermometer 
bulbs to stop bne. wheel, let 
them discuss, their results. 
This can help the children to 
realize that a turning Vheel 
has- a specific amount of kine- 
tic energy which may' be con-' 
verted into a 'specific, amount 
of heat energy. 

•What made the bicycle wheel 

;stop in this Activity? 
i 

Inform them" that another word 
for -this rubbing is "friction/" 
THis is the. term that is used 
whenever surfaces 'rub together, ^ 
conve r ting kine tic en-e rgy into 
heat energy. AsJc the children 
to ,give other examples of 
friction. 



COMMENTARY 



ture shown by the* thermometer 
goeS'iip in* the process. \^The 
children, may als'o learn that di 
faster spinning wheel can pro-r ' * 
duce a larger temperature rise/ 
or, that sharing the heat energy, 
between two thermometers^ pro- - 
duces a smaller temperature rise 
ii) each. 



It stopped because it rubbed 
against the thermometer bulb, 



15 0 



*One possible example, is the\ 
brakes; that are used to stop a 
car or a bicycle.- (The heat 
energy produceci "^in the latter 
may be felt by touching. the 
brake pads a f te r braking down 
,a .long hil.l..) The children ^ 
should *be able to cite other -? 
,examples^ frorh th^ir work in 
Minisequence I>l\ ' > 



26^ 



MINISEQUENCE IV/Activity 4 



TEACHING SEQUENCE 



• Wotild the- turning bicyple; 
wheel -stbj) even if it weren't' 
rubbing' against a thermometer 
bulb? , ' ' 

•.What happens to the kinetic 
-energy in this case? Is it 
converted into some other 
kind of energy? 



PART B 



1*/ Suggest that the children 

ork in groups of''6 to experi- 
ment with the skate, bricks and 
rubber bands on their own. 



Show the children a skate with 
three bricks on it. Set the 
skates at rest. 



Does the 
ene r gy ? 



skate 'have 
Why or why 



kinetic 
not? 



You' may waiM: to ask for ways 
that the socate could be given 
kinetit: energy (put into- 
motion) , Let the children 
demonstrate the ways'^hat tha^y 
"mention, f 



ERLC 
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Yes* The children should know 
that a turning bicycle wheel 
will e'ventually coast to a stop. 

The children should realize 
that there is still some f.ric- 
tion in this'case. Hope f ul ly , 
some of them will suggest ^hat 
he at energy is ^>robably pro- 
duced at the axle of the wl^eel 
but since it can spread out 
through the metal it is daC^ffi- 
'cult %o measAire (the temperature 
doesn' t go up much) . 
o 

Another possibility is the ' fric- 
tion due to the wheel "rubbing" 
a gainst the air. In this case 
the heat energy would be spread 
out through the entire wheel. 
This frictio^yis very small com- 
pared to that at the axle.. 



See the precursor to this Acti- 
vity in the Grade 3 Teacher'^s 
Guide--Activi ty 2, Stretching 
Rubber "Bands , in Minisequence 
II. The aet-up i^ very similar. 



No, it has 
because it 



no 
is 

'^1 



kine tic .en< 
not' movin< 




rgy 



For example,, a child may push . 
or pull the skate directly* 
Anbther child may pull on the^ 
rubber band'^hich is attached to 
the skate. Yet another m'ay s.ug-» 
gest rolling a -ball so that it 

_^51 
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MINISEQUENCE ly/Acti^ity 4 



TEACHlJlp SEQUENCE 



No matter wha t - me thods ther 
children suggest, have them 
desc.ribe the form of energy 
that ,i's converted into ftinfetic 
energy ok t'he skate. 



2. Attach the free end of the 
prepared string of rubber 
bands* to something such as a- 
table leg at o;ie side of the 
room. Station one or two chil- 
dren nearby to catch the skate 
when necessary. Ask another 
child to pull the fekate back 
se ver al ^f ee t , stretching the , 
rubber band to about twice it^s 
relaxed leng^th. While he or 
she is still holding ^the skate, 
ask the children what will 
happen when it is released. 



• Will the ska^'te gain kinetic> 
Energy when^it is released? 



252 . 



collides 
skate. . 



COMMENTARY 



with one end of the 



In most cases this will be the 
kinetic energy of their hands, • 
or of (Objects that are moving. 

If the children suggest* letting 
the ska te ^ acquire . energ'y by . 
rolling down a ramp., as the mar- 
ble did in Minisequepce II, 
they should ^be 'able to see that, 
in this case^ the source of the 
kinetic e-nergy ,is the initial 
(gravitational) potential energy 
of the weighted skate. 



Discuss what will happen before ^ 
finally releasing the skate. 
This "should help to focus the y 
children's attention on the 
rubber band as the immediate 
source of energy which moves 
the skate. 

At least <the children will know 
that the skatie should move 
toward the point where the rub- 
ber band is attached .to the 
wall. They may explain this by 
saying that- the rubber band 
will pull (exert ^ force) on 
the ska te . $ ^ 



Yes 



Since kinetic 



a*ssoQiated with motion/,s 



energy ig 
the 

children shoul4 realize .that 
the ska te. wiLl gain ki-n^e tic 
energy, . - 
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MINISEQUENCE IV/Activity 4 



f TEACHING SEQUENCE 

Finally, ask the child holding 
the skate to . release it'wJiile^ 
the .children watch. After the 
skate has moved and been 
caught, have a child pull it 
back farther and hold it ready 
to be released again. Then 
discuss what was observed. 



•'If the ^-ubber band is 
stretched farther than be- 
fore, what difference shQuld 
you observe? 

Ask several children to try 
this 'expeiiimen t w|iile the cl^ss 

-watches. Repeat the experiment 
using different amounts of 

, stretch. 

• Why .does the' skate go faster 
in some cases? 

Elicit from the . chi Idren' their 
earlier understanding that work 
units are equal to force units ^ 
times' distance units. There- 
fore, when both' force ant3 dis- 
* tance are increased, work must i 
* increase. ^.This is how the^ 
skate gets more ki ne t i a 'e ne rgy 
from a rabber band that is 
stretched farther C 

•Does ^ st^tetched rubber band - 
hav^ some kind of energy that 
an uns tr,e tched rubber band 



does not? 



) 



..When the children s^e that 
stretched rubber bands acre a 
source of enejrgy, you may tell 
the'm that the kind of energy 
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The^ person* who is to catch it 
should be in position-and ready, 



Be certain- that the discussion 
inc ludes the ideas that the 
rubber. band did work on the 
skate by pulling it with a 
force through a distance, and 
that tfte ska'^te acquired kinetic 
energy in the process. 

^They shoulS^xpec t that the 
skate wi 11^ er^d up moving 'faster 
than be fore . 



The rubber band pulls with more 
force (let the children feel ' 
the x3i f f erence^ by holding onto 
the skate); and it p^lls the 
skate»through a greater dis- 
tance., thus doing mbre'work on 
it. 



They children should realize- that 
th« stretched rubber. band must 
have some kind of energy since 
it can do work to make kinetic 
energy. If not, ask them where 
a marble gets its kinetic energy 
from when it rolls down a ramp. 
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minisequen|;|: ly/Activity ^ 



TEACHING SEQUENCE 

sfcorcid in stretched \>ands is 
called "elastic potential 
energy." The more a rubber 
band is stretched, the more 
work it can ^o and thereof ore, 
the more elastic potential 
energy it has. With the chil- 
'dren's help you might set up 
the following diagram: 

work done 
by hand 



potential energy 
of stretched 
rubber bands 



work done 
by rubber 
bands * 



.4 



kinetic energy of 
moving skate 



r 



3. Next have a child hold the 
free end of the 'chain of^ rub- 
ber bands which is^jattached to 
the loaded roller sflcate. Have 
anotl;ier child ptish the skate 
to start it rolling away from 
the first child while the class 
observes. Let^ the children 
discuss their observations. 
This may be repeated until the 
Glass agrees on its* observa-- 
tions. 

^sk the child w)i-o--he Id*^ the 
rubber band ' tc r'eport what he 
or she felt. .Lef^others re- 
peat the experiment add report 
what they feel.' Then r^eat 



^ COMMEl|TARY 



I 



r 



■i 



tea-di ly 
^ are ex- 
' slow down, 



The skate will mov^ 
until the rubber 
terrded* Then it 
stop; reverse' Its direction and 
gain sp'eed until the rubber 
bands ^re again relaxed. 



The chi^d should report feelfng 
a force (pul^l) that b,egan whe^n 
the ska te^sjtarted to s low dqwn; 
and' coij^finued until it reached 
full ^eed on its return. 



'PNISEQUENCE TV/ACtivity 4 



TEACHING SEQUENCE 



the experiment again using a# 
-spring scale attache^ to the 
free end of the rui^er band. 
Have 'them observe on the scale 
that a force of a certain' num- 
ber of units is being applied. 
Ask what caused the force that 
was Observed, If it is not 
clear that is was caused by 
tlfe moving** sk^te , repea^t with 
the Spring scale attached to a 
chair instead of being held,. 



Ask the children to describe 
any work, that was done during 
the experiment. ^Remind them 
Q,f the definition of work as a 
force exerted^^i^ an object 
times the distance through 
which itj is exerted. 



the 



If 
j&i r s t 



ihildren see only the 

push as an example of . 

work, ask specifically if any 
work was done on the "^string of 
r\i)3ber bands. If necessary, 
duplicate the \^ rk done by 
the skate by ^fflting a child 
pull the rubber Hand out to 
an equivalent length with their 
hands . 

• Was any more work done in 
' the experiment? / 



COMMENTARY 



r 



Now ask the children to. t:ry 
pushing the skate across the 
floor when each of the fro*nt 
wheels is in an inverted metal 
jar lid, Tfhen repeat without 
the' lids. Discuss th^ dif- 
ferences that are observed. 
^Ha've. 'them use the spri«ng ba- ' 
lance to measure the force. ^' 



This should help the children 
to see that it' was the motion 
of the skate which caused the 
force observed in the rubber 
band. 

Their first answer will prob- 
ably be that the person ,who 
started the skate did work on 
it by pushing it through a dis- 
tance. 



They should then realize that 
the moving skate must have done 
work by exerting a force on the 
rubber ^ands through a " dis tance 



Now the children should sugges^t 
that the rubb4r" band pulling 
the^ skate back must have done 
work* on it. If'^necessary ^ this 
can be duplicated by having a 
child pull the skate back as 
the rubber »band did, ~i 



With i ts fTont.'Whee Is inf lids 
the skate will be harder to 
push and will slow down much 
more quickly aft^r it, has been 



2e3 
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TEACHING SEQUENCE 



needed to pull the skate across 
the floor both cases. 

A,sk why the skate slows down 
so quickly when^ its wheel's are 
in the lids. rfave tlie chil- 
dren suggest how to represent 
what happened with a diagram 
like the one used before to 
show energies, and work. For 
example. 1 

, w^rk done 

by hand 



1 



kinetic energy 
of moving skate, 



work done^ 
the sj$-a^t^ rubbing 
ac] 




• should some kind' erf energy 
go in the last box of the 



diagram? 



ERIC 
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pushe d , 



The moving skate s lows down 
sooner because"" of the greater 
force between it and 'the floor 
when its wheels are in the lid^. 
The children should Xn0w fr.om 
the first part of the Activity ' 
th^tthis force is called "fric- 
tion." 

The suggested diagram might 
be^gin with a rectangle to 'Show 
"the initial kinetic| energy of 
the , skate 1 Then an arrow can 
be added to show that this came 
from work done by the hand^ that 
pushed the skate. Then ajaother 
can be added to show' that the 
kinetic energy was lost as the 
skate rubbed across ;the floor. 
You may suggest that the skate 
was doing work si;ice it was 
pushing on the floor th ro ugh 
a distance. The children should 
be able to see that this .is 
similar ^o the previous section, 
where the^skfite did work against 
a rubber band as i,t slowed down. 

^Although no form of energy was 
visible, the children may sug- 
gest that some heat energy must 
have b-een 'p^roduced by the^ rub- 
bing. If not, remind them of 
what happe^ned w-)ien a thermometer 
rubbed against biqycle tire 
in- the first part of the |^ctiv- 
ity. You may also ^ask them to , 
try rubbing their hand^-across 
the top of the if desk to feel 
the heat that JLs produced. 

For some children it may prove^ 
more convincing to be able- to 
measure* the small tempera^ture 
rise wh^ch is associated^.with 
the heat p?:oduced •by fription. 
TO do" thi's , wrap a small piece. 



2,69 



TEACHING SEQUENCE 



Conclude by. returning^ to the 
list begun at tlie beginning of 
the Activity. 

• What 'fin-^l item can be added 
to the list? Where should 'it 
go? \ 



The final discussion' should 
indicate that the\phildr.en have 
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of aluminum foil around the 
bulb, of a' tlfermome ter . ^ape 
the thermometer into one side 
of one of the metal *lids so 
that the bulb is pressed^ agains t 
the metal of the lid^ne^p the 
point vT-here the wheel of the 
skate will be. Place this lid 
under one of the wheels of the 
roller skate which is loaded 
with'.a t , leas t 2 bri cks , • and* 
wait several minuted for the ' 
thermometer; to reach floor 
t,empera ture . Then the children 
can lift the' ska^te, read tfce 
thermome ter without touching 



and replace the lid and 
Next, they can try puM- 



the lid 
skate. 

ing the skate^around the f loo>^ ' 
^for a few minutes and observe 
tihe resul1;^ng temperature cnange. 
The tempe.rature will be ^fouikl 
to have increased by about OTie 
degree. This indicates that • 
heat energy was produced. The 
temperature Irise is^ small be- 
cause muc'k "of t^e heat energy 
is left behind ^on the floor. 
If all the* heat * energi^ remained 
in the lid*, tha ^temperature i^ise ^ 
would be much grater. If more 
weight is put on thir skates^ by 
pushing down on. it and if it is 
;?VOved Very rapidly, a tempera- \ 
ture rise 6f about thre6 degrees 
may be o)Dser ved . 



\ 



A third*item can now »be added 
under the heading. Conversion 
of Kp^netic Energy to Heat Eriergy 

c. A*^ moving skate produces 
heat e^nergy as a result, of 
friction with the floor. 




MfNISEQUENCE IV/Activity 4 



TEACHING , SEQUENCE 



grasped two important concepts 
as a result of the/ir work in 
this sequence: 

1.. Different forms of energy 
can be converted from one to 
another. 

2^ In all energy conversions 
in real life situations some 
heat energy ig produced. 
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Mihisequence IV Assessments 



Screening Assessments 



The concepts being te^sted in this -Minisequence are; 



a. Differe-nt forms of energy can be converted from one* to an- 
other . * . , 

* • 

b. In air energy conversions in real-life situations some heat 
energy is invariably produced'. ^ ^ 

c. When light, a form of radiant energy', is absorbed by a sur- 
face some of it'is converted into heat energy. 

d. The electrochemical ahergy of a battery can be converted ^to 
radiant and/or heat energy if it is made part of a completed 
electric circuit. 

e. As the chemical en^^rgy in food sources is converted^to plant 
and animal growjth, .some heat energy is produced 5ls a bypro*- 
duct . • ' 

Distribute *^he assessioe-lit pages to the children. Have thJem ^ 
write their names in ^the .appropriate place^gi'. This assessment 
will take about 10 minutes for each of the 2 'parts^. 



PART' 1 . . . ir . 

Page A . , 

Ask the childreji to turn to page A. - • ' 

^ . . . / ^ 

I AM GOINfe TO ASK YOU SOME QUESTIONS. READ THE QUESTION^ _ 
S^LENTI^Y AS I READ THEM ALOUEf TO YOU. AFTER I HAVE READ THE 
QUESTIONS AND g?flE THREE CHOICES, DRAW A CIRCLE AROUND THE LETTER 
OF THE BEST CHOICE. (Allow 30 %ecbnds for the -chilvdren to re- 
spond to -each item.) ' / * 
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MIUrSEQUENCE IV ASSESSMENTS 



1. IF YOU WANTED TO CONVERT POTENTIAL ENERGY INTO. AS MUCH KINE- 
TIC ENERGY AS POSSIBI^E, YOU WOULD:" m ' ^ 

A. Tf^Y^TO INCREASE THE AMOUNT OF HEAT ENERGY PRODUCED, t 

' ' B. TRY TO DECREASE THE AMOUNT OF HEAT ENERGY PRODUCED. 

C. NOT BE CONCERNED WITH HEAT ENERGY. 

V . ' ; . . • 

- 2. WHEN A BALL BOUNCES UP- FROM THE GROUND, THE ELASTIC POTENTIAL 
ENERGY OF THE BALL IS CONVERTED INTO: 

t 

A. CHEMICAL ENERGY AND HEAT. « 

B. KINETIC ENERGY.' ' 

. C- KINETIC ENERGY AND HEAT. 



3. IF' THERE WERE NO FRIQ^'ION, WE COULD CONVERT ONE FORM OF 
MECHANICAL ENERGY TO ANOTHER 

A. ^WITHOUT ANY HEAT ENERGY BEING PRODUCED. 

. B. COMPLETELY, WITH ONLY A SMALL AMOUNT 6? HEAT EI^ERGY PRODUCED. 

C. MUCH MORE SMOOTHLY AND RAPIDLY.'. 

4. DEAN HAS 'X BATTERY-OPERATED TOY CAR. 'WHEN HE RUNS ^IT, WHAT 
IS HAPPENING? V 

A.^ KINETICENERGY IS BEING TRANSFORMED TO ELECTRO-CHEMICAL , 
ENERGY |Nr 

^ B.^^ — ^LECTRO-CHEMICAL ENERGY IS 'bEIn6^TRANSF0RMED TO KINETIC / 
ENERGY. 

C. ELASTIC POTENTIAL ENERGY IS ^EING TRANSFORMED INTO 
KINETIC ENERGY. ' • . 

Page B • 
Have the children turn to page' B/ 



HE CAR AND PLACES THE CAR ON 
, ALLOWING 
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A P'XATFORM AT THE TOP OF AN INCLINE, ALLOWING IT TO RUN DOWN 
WHAT HAPPENS? 
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MINISEQUENCE IV ASSESSMENT^ 



A. -'. ELECTRO-CHEMICAL POTENTIAL ENERG¥-i;IS CONVERTED • TO 

K-INETIC ENERGY. 

B. . KflJETIC ENERGY IS CONVERTED TO . GRAVITATIONAL POTENTIAL 

ENERGY. .. , . 

C. GRAVITATIONAL POTENTIAL ENERGY IS CONVERTED T 
ENERGY . 




6.. WHILE THE CAR IS MOVING DOWN THE INCLINE WITHOUT THE BAT- 
TERIES, SOME tiEAT IS PRODUCED. THE REASON THIS HAPPENS IS THAT; 

A. SOME KINETIC ENERGY -IS CONVERTED TO HEAT ENERGY. 

. B. SOME HEAT ENERGY IS ABSORBED AS POTENTtiVL ENERGY.'' 

C. SOME -POTENTIAL ENERGY IS CONVERTED DIRECTLY TO HEAT 
ENERGY. ' • " . > 

JHEN WE EXERCISE, WE CONVERT 

A. CHEMICAL ENERGY TO KINETIC ENERGY. ^ 

B. ' CHEMICAL ENERGY TO HEAT ENERGY. 

C. BOTH STATEMENTS A AND -B ARE TRUE'. 

' . V • ' • 

8. IN AREAS WHERE RAIN IS FREQUENt'aND TIJE CLIMATE IS^DAMP/ 
MANY PEOPLE LEAVE A LIGHT BULB. BURNING ALL THE TIME > IN EACH 
CLOSET. THE MAIN PURPOSE OE THIS PRACTICE IS TO: j ^ 

A. ■'CONVERT^EBfefcTRIcjA:^ ENERGY TO HE^^T ENERGY. 

. B. MAKE IT EASIER TO FIND TH.INGS . ■ 



C. CONVERT POTENTIAL ENERGY TO KINETIC ENERGY. 



-PART 2 



Page C ° 
NOW TURN TO PAGE C. 



t ■ ■ ' ' ' " 



1. IN NORTHERN AREAS, IJHEN THE SPRINGTIME SUN MELT^ SNOW AND THE 
WATER EVENTUALLY TURNS TURBINES IN POWER PLAINTS, THE CONVERSIONS . 
OF ENERGY FROM ONE FORM TO ANOTHER ARE MM^Y* MATCH THE KlND/dFv 
CONVERSION TO THE. EVENT BY /WRITING THE ' NUMBER 'oF TH|;<. C0NVERM9N ' 
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MINISEQUENCE IV "ASSESSMENTS 



^L^ THE SPACE PROVIDED. 



« 

1. 

'2 

3 
'4 
•5 



CONVERSIONS OF ENERGY 



DIANT ENERGY TO HEAT ENERGY. 
POTENTIAL ENERGY TO KINETIC ENERGY 
KINETIC ENERGY TO gLECTRl^CAL ENERGY 
POTENTIAL ENERGY TO HEAT EI^ERGY' 
HEAT ENERGY TO KINETIC ENERGY 

6. ELECTRICAL ,ENERGY TO ^KDI^T ENERGY 

7. RADIANT. ENERGY TO GhI;MIC;^£. ENERGY 



EVENTS 

□'A. SNOW MELTS AND COLf.ECTS IlS^O MOUNTAIN LAKES. ' 
[Ub. T-URBINES spin AND PRODUCE ELECTRICITY. 
[I]c<. WATER SPILLS FROM LAKES INTO BROOKS AND RIVERS. 
Qd. electric power provides FREEWAY LIGHTING. 
De. * PLANTS FLOURISH An .SPRING S.UNLIGHT. 



2. ON THfe LEFT BELOW ARE DESCRIPTIONS OF SIX KINDS OF ENERGY 
CONVERSIONS. ON THE RIGHT ARE THE NAMES OF THESE^ CONVERSIONS. 
DRAW A LINE BETWEEN EACH DESCRIPTION AND EACH OF THE NA^^ES . THE 
FIRST DESCRIPTION IS ALREADY* MARKED. ' " 



1. A FLASHLIGHT SHINING ON n A. 
A DARK- WALL. 



2, ' A CHILD RUBS^ HIS HAn6s 

- TOGETHER. 

> ' 

3. A BATTERY LIGHTS, A BULB. 
4*. A. STEAM ENGINE. • 

5. DROPPING A ROGK. 



B, 



CHEMICAL ENERGY ^RADI^^T ENERGY 

• - 

POTENTIAL ENERGY ^KINETICS ENERGY 



^C. RADIANT ENERGY >HEAT ENERGY 

D. KINETIC ENERGY ^HEAT ENERGY 

E. liEAT ENERGY >KINB3:iC ENERGY 



(Allow" the childrevn about 2t3 minutes to complete th^-s question) 
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r , ■ ■ . . ■ ■ 

EL ^ Name; b > ■ ^ Page A 



1. IF YOU WANTED TO CONVERT POTENTIAL ENERGY INTO AS MUCH KINETIC 
ENERGY AS POSSIBLE, YOU WOULD:' ' . . ^ ^ . • 

A. TRY 'TO INCREASE THE AMOUNT OF ^?AT ENERGY .PRODUCED. 

B. TRY TO DECREASE THE ^MOUNT OF HEAT ENERGY PRODUCED. ' 
. -C. NOT BE .CONCERNED WITH HEAT* ENERGY. ■->>,' 

2. .'when a BAift BOUNCES UP 'FROM THE GROUND, THE ELASTIC POTENTIAL 
ENERGY OF THE BALL IS (^ONVERTED INTO: • > • • i, 

, A. - CHEMICAL ENERGY AND HEA"?. 

B. KINETIC ENERGY. ' " • . 

C. KINETIC ENERGY AND HEAT. ' ^/ 

3. IF TitlRE WERE NO..FRICTION., WE COULD CONVERT ONE FORM OF MECHANI-^ 
CAL ENERGY TO ANOTHER. • ' . ' . ' 



A^ WITHOUT ANY HEAT ENERGY BE-INfi PRODUCED. \ 

B\ COMPLETELY,^ WITH ONLY A SMALL, AMOUNT. OF HEAT ENERGY PRODUCED. 
MUCH lyjORE SMOOTHLY AND RAPJDLY. ' ' 

■4. DEAN HAS A BATTERY-OPERATED TOY CAR. WHE^^ HE RUNS IT, WHAT IS ' 
HAPPENING? - ■ - / ? ' 

A'- KINETIC 'ENERGY IS BEING TRANSFORMED io ELESTRO-CHfiMICAL 
.ENERGY. ''^ . - •• ' 

• . , . , - • •/ 

o ' / 

B.' ELECTRO- CHEMICAL ENERGY IS BEING TRANSFORMED TO KINETIC^ 
ENERGY. . ■ ■ ■■ 

C; ELASTIC POTENTlilL ENERGY IS BElW TRANSFORMED INTO KINETIC 
ENERGY. 
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5. .DEAN REMOVES THE BATTERY FROM THE CAR AND PLACES THE CAR ON A 
•PLATFORM AT THE TOP OF AN INCLINE", ALLOWING IT TO RUN DOWN. WHAT . 

HAP^NS? " . ^ . , 

"An. electro- chemical potential energy is converted to kinetic' ^ 

■ ' V ENERGY* , ■ • . ^ . , ' ' *o 

B. JciNETIC 'ENERGY IS' CONVERTED TO "GRAVITATIONAL POTENTIAL ENERGY. 

C. GRAVITATIONAL POTENTIAL ENERGY IS CONVERTED TO KINETIC ENERGY. 

9 

6. WHILE THE CAR IS MOVING DOWN' THll INCLINE WITHOUT THE BATTERIES, 
SOME HEAT' IS PRODUCED. ' THE REASON THIS HAPPENS IS THAT: • ' 

. A.^ SOME KINETIC ENERGY IS CONVERTED TO HEAT ENERGY, ■ . ■- 

^ - ' B. SOME HEAT ENERGY IS ABSORBED AS POTENTIAL ENERGY.. 

C. SOME POTENTIAL ENERGY IS CONVERTED DIRECTLY TO HEAT ENERGY. 

» . * y 

7. WHEN WE EXER^IISE, WE CONVERT " , . ' , ' 

A. * CHEMICAL ENERGY^ TO KINETIC ENERGY. ' / . ' . • • 

B. CHEMICAL ENERGY TO fiEiiT*' ENERGY. 

C. BQTH STATEMENTS A AND B ARE TRUE. 



8. IN AREAS' WHERE RAIN IS FREQUENT AND THE -CLIMATE IS DAMP, MANY . 

PEOPLE LEAVE A LI.GHT BULB BURNING k€l THE^ TIME IN EACH CLOSET. THE 1 

MAIN PURPOSE OF THIS PRACTICE IS TO: 4 ' ' . . \ 

A. CONVERT ^ECTRICAL ENERGY TO HEAT. - ' . , ^ , 

, s .| — . - ^ \ 

B. MAKE IT EASIER" TO FIND THINGS. , , ^ 

C. -' -CONVERT POTENTIAL ENERGY TO KINETl'Cf ENEEGY. * • 



■ IV 



Name: 



Page C 



- 1. IN NORTHERiN AREAS, WHEN THE SPRINGTIME SUN MEL-ts SNOW AND THE ■ 
WATER EVENTUALLY TURNS TURB*INES IN POWER PLANTS / THE CONVERSIONS OF 

.ENERGY FROM ONE FORM TO ANOTHER ARE MANY. MATCH THE KIND OF CON- 
VERSION TO THE EVENT RY WRITING THE_^NUMBER OF-^E CONVERSION IN THE 
SPACE PROVIDED. ' 



CONVERSIONS OF ENE^IGY 

1. RADI^T ENERGY TO HEAT ENERGY,* 

2. POTENTIAL ENERGY TO KINETIC ENERGY 

■ ' I - 

KINETIC ENERGY TO ELECTRICAL ENERGY 

POTENTIAL energy" TO ' HEAT ENERGY 



\ 



HEAT ENERGY TO KINETIC ENERGY\^ 
ELECTRICAL ENERGY TO RADIANT ENERGY 
RADIANT ENERGY TO CHEMICAL ENERGY 



EVENTS 

Qa. 'SNOW MELTS AND COLLECTS INTO MOUNTAIN LAKES. 
Ob. turbines spin, and produce ELECfRlXlITY 

Dc. WATER spills; fro^T'lakesinto brooks and rivers. 
•n ' ^ ' ' - ' ' ^ ■ 

LJD-. ELECTRIC POWER PROVIDES FREEWAY LIGHT 



De. plants flourish' in spring sunlight.-^ 



iT^G. ^ 



J 



\ 



2j ON THE LEFT BELOW ARR|DESCRIPTIONS " OF SPX, KINDS Of ENERGY CON- 

RSIONS. ON THE RIGHT"i^ THE NAMES OF THESE CONVERSIONS. DRAW A 
LINE BETWEEN EACH DESCRIPTION AND EACH OF .THE NAMES;. THE FIRST bES- 
CfllPTION IS ALREADY MARKED. j ( ^ ' 



1|. A. FLASHLIGHT SHINING ON A-v A. CHEMICAL ENERGY 
DARK WALL.- 



A CHILD "RUBS HIS H'ANDS 
TOGETHER. 

BATTERY LrCHTS A BULB. 

4. A sfrEAM' ENGINE. ' ^ 

DRC^PPING°A ROCK. 



RADIANT ENERGY 

B. POTENTIAL ENERGY —^KINETIC ENERGY 

C. RADIANT ENERGY ^ HEAT^. ENERGY" 



D. KINETIC ENERGY 
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r^HEAT ENERGY 



E. HEAT ENERGY— — ^ ^ ^ KINETIC ENERGY 



Mihiisequence V 
Investigating Populations 





In each Gra^§ of the COPES . pro^\am we have- i'ntrojiu<?ed'.th^e 'con- 
^ cepb'^of variability in n^txire'.* in "Gif^de ^ the . c'hi Idiren . f oAmd V 
thatu^when measurements ari^» m^de <tf>n A^group (-a pq|>ul^'tion)" of re~ . 
lated objects' (or .events-), / gome, (di f f^renpes/arer Always foun<^^,.^ 
Such ^di f f erences are .to" be expecx-ed ■ si^ce^ va^riabil^P;^^ iA -c^' ^ - 

'characteristic of^any natjaral .p^opu.lcLtioa. ^-''Ti;i>««^^a^e 3 , 'Minise- 
quence III, -the concept of variability in a^'tu3:e w-as further 
developed in te^rms of Sampling a popu 1-a tioit ;* i.e., irifej^xing -cer-. 
tain proper.ties o^; an entire population, from exaniina tion . of *a 
limited numb'er of )tvembefs of; that pop.uiation. Th,^' conce'pts .o'f 
range apd average, ^s*«d to, :char^cteri'ze a. *dis tributi oa* o f' values , 
were also .inbxoduc^d\ A^'ne^w" way of *deei;ribiricp var.X<ai)i li by , . by 
presenting da\;^'in th^^*foria- ok a his to.^ram^ ^was developed in * 
Grade 4, Mi ni sequenge"" VI . "Thiaf, is V "graphical^ fpi ct'ori^al ) ' prey 
sent a t i on of ddta fr am. -wh i c h ^n e can. e^,a si 1 y ' s'e e t he. ' r an g e 
(spread) o£ data as well as 'the mos t rjrequen''tiy -o^ccurVi j;ig 
Also introduced i/n fefPaft Mrni s equence. "Was \t3ie ';U&e o^ ! games of 
change as anala^iifes. to th^ r^ndomnfe^ss ^orie 'shptrid> expe.el;*" to find 
in ^ture. ' ' * \ ' - • ' " ^ ' *' 

All, of the above Activities w^-^re d^sig-'ned^to help develop ^the 
overall conc^ptua'f scheme , Th^ -S tafei s tloa^l Vl&V "pf" Na^ture .,Th-e 
pre^fent'.Minisequence 'cofvtiaui^s . t^ deVelpp thi's mct-jor.'^cK^me ^ 
first'by expand'i ng/upon th,a/use, of probability in game^ -^^f. .- - 
chance, and then, by arpplyifSg 'stati^'tical .me tjiods*' tq/a^' an-alysis 
of so^e properti^ies of living'/fchings^. . '/ . ' / \ 

There is a fundamental dif€-esrenpa be tween. prob^abili ty, %nd statis 
ifics, the J.'a.tter iDeiMfig 'us'e^, hei^ ixt~ th^ '.sens'-cr'" oji vin'fe rixi^ng the\ 
properties .of a popul.a tlon. by s tud^ing, a* fe^jnple *Df :that 'popuJba- : 

" ti'on. Another sense* in v>Hich tKe' te-rm' is "^bmin^irfly. ..used' is,ihi 
copnectioa with the, c^6ihpil.ation dat'^a, .'auch .as '"birth st,a.ti^-rr 
tics'/ " "election - sta tis tid6 f/'^. " " s tat:*i'9'ti cs. ofc. farm; pr'o^dlaAtpn /H , 
etc. for' which eom^le'te. "popula tix)ns are 's^irv-^yed. ■" Thi*? xs- ndjb ; 
the sen$e Ftere;' r^th.er,/.^we 'are^ conVarn^'d dra#ing^ inf ^re'nces^. ^ ^.^^ 

fifom limi ted ' da ta , i'.e./ by sampling po^ulaftiotvs . ex^'j^ple .of!^ ^ 

'.the . di f f eren-c'e *betwee>' pr^ba^),i li"ty-.a.nd statistic^ may.^ be"^^e i'p^ ul^ O*- 

^suppose you placjed 5 red.bal^l^ and-'15 white ball«^ i;ri-to aC.lconr-f \\ 
tainef and then asked th^ probabi 11 tyWf dj^^awiiig:'. a^'^red^baiyLjon . ?^ ^^\^/ 
a single^ blind draw. Knowing ",the n'um&er oi' each'^ color ix^^tlx^ 'i* 

'container, simple 'logic telis (is /tfiat'" there ai^, S cha-noes inj^O^r, , 
od iSraLwing a red ball, i .* e: ^ . a *probaixilijty - o 5'%L/4[^^ . / *[ 

'probabali tj -of 'thrqwi^ng ^ h%a*d iii' a 'sin^-e ' tos.B" o-f/-a '6p^b«L is .* " 
1/2; the ,p2«obabi li ty 'of ge.tting. a* fatir iit* a 5^i'ngl^ throW^f k 
die is 1/5 (there being*. six sides t^o a. cu^ey-",; etqC \lTi^ othe^ic ^-^"'r^' 
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words, one qan apply probability theory to situations where 
all the alternatives are known and one simply' calculates before 
the ^fact (a priori) the chance that a given event* will occur. ' , 

On the other hand, suppcfse you did not know the distribution of 
balls in the container and were requir;ed to determine it without 
actually counting all the bal 1 s / I f .y ou 'took a sample of, say, 
5 balls and found 2 red. and 3 white ^lls, you might infer that 
40% of the ba-lls in. the container wajpfe red (and 6.0% white) , 
whereas actually only 25% are 'red. Despite^ the incorrect ^re- ' 
siisltv ' this is /the method c^f statistical sampling. Ano the r "^s am- • 

• pleSof 5 balls ^mi.ght ^yield a different result, and another a 
still different^" result..^ Yet, if the sample' size properly 
chosen, or if enough sanfples ^aje' tak^n, statistical methods of ' 

'analysis, which, make use of the same type of reasoning used in 
probability the^ory , can lead one to correct inferences. 

) . ' ' 

It should be evident tha.t" eve^ though probability theory yields 
precise predictions in/a mathematical sense, one cannot expect . 
these predictions to be exactly verified experimentally; unless 
the number of events studied is so large as to result in cer- . 
.ta^nty. For example, while the ma thema ti-ca 1, pirobabi li ty ^of 
t;hrowi.»g a head in a single toss of a coin is 1/2, it does not 
mean-,that throwing a coin twice will ne ce s s ari ly • r es ul t«« in pne 
head/and one t^il-:fc?r^that 'throwing it ten times must yield 
five heads and f i ve" tai Is « Howp-ver, 'as the number of events 
increases, the actual outcome approaches closer and closlr to 
th^' predicted outjcatoe; Thi^s , the outcome of games of chance, 
for example, which' motivated the in^i:ial development of^prob- 
ability theory, can b^e accurately prJ<ficted over -the long' term* 
(la-rge number of. plays) but not for individual plays- And the 

^same is true for any perfectly random process, whTch by defini-. 
tion is on^ in which the altertiatiye pos-sibi li»tie s '^can be defcer- 

, mined beforehand. (Random events will be investigated in more 
detail ^Ln' Grade 6 of CO?ES..) For example, there li - one chAce 
in ^six of throwing a given number witl> a die. This is true t)nly 
if , the" die is a', perfect, cube in every respect." If not, if it is 
unbalance^^d i^n any way, the n'/c tear ly one . cannot , p reSi ct. be for e « • / 

-hand the outcome, .eveTn of a^ large number of throws. To ^ake pre--, / 
dict'ions in such, a ca^e one would h-^Ve to apply statistical- 
methods, is,. one could, after observing a number* of throws 
(sarjipling) deter:mine that the process' were biased in some way,* 
gather than^ being 'random J and then compute the *pr obabi 1 i ty - o f' 

.Jthrowing a '.given number of su^Dseqqent ""throws , ^ / ' ' - 

The , f^r St 'Activity of the MiniSeq.uence d&als w.ith' aampking. The 
childiTeV ,try to' d^ t^ermine ^the 'dis tribution o f -^coLored marbled * 



(oniy tw6^ colors )" in. a bag ^by 'drawing . one * ma^bl e ..at a'time'*ar)d 
cojistruc^ting. ^ simp le |reguency ^ In this case .th^y can.'easi/y 
ehecJc *their\inf efancet'^by opening the. bag and counting the mar-^' 

'bles of each color, ^he concept of probability . is introduced 
in the second A'c€ivity; where ,the children use a simple* r3.ndom 
process--tossing a. qube . (die) — to compaV^ predicted out(?ome with . . 

'the observed f^ eqiifelfcy* di's tr ibuti on " A' somewhat more ""complex 
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random process* is also introduced, simultaneously ty^rowing a 
pair of 'dice. and predicting the pr obab i li ty o f obtaining dif- 
ferent $ums of numbers. Here, as in A^ctivity 1, the children 
find th^t their predict;iqns are more ne ar ly^^er i f ie d ^a s the sam- 
ple size increases. V ] 
/ - *^ ^ 

Activity 3 is also conce r ne d. wi th probabilfty and sampling, b'ut 
this time in connection with a phy s ical - mode 1 that is more com- 
plex than a cube --namel-^ , a thumbtack. If one 'drops a thumbtack, 
what is'the probability that it will land point up? Obviously, 
this is not easily dete-rmined fr'om its sliape , as in the case of 
a cube, hence the"^ children must determine it experimentally, 
i.e. , by statistical sampling. 

Application of statistical methods to living things is found in 
Activity 4, where the children study variahili^ty i^n tKe germina- 
tion'time of seeds. For a unique popu 1^ ti^oh , i.e., a population 
consisting of a single typ^ of seed, /one ^ould expect to find 
a simple ofrl'quency distributipn in a his to^sc^ showing the. num- 
ber of seeds that germinate in a given time. The distribution 
would show a single peak (mode) representing ' the most frequent 
germination time observed, ' If the population contaii:ied more than 
one type of seed--two> f^^ example , --and their average germina-, 
tion times ^were sufficiently di £f_e r en onejf should find two 
rfeaks in^the histogram (a bimbdal distribution). When one ob- 
serves such distributions in nature, they often provide useful 
clues to the kind of populations or eve'nts being studied. \ 

The fin«^ Activity has the children make ^s-e of their experience ; 
with stati'Stical methods to study the effect of a chemical .(cop- 
pev sulfate) o^'n the g-ferminatTion time of a single pppulati^^"- of 
seeds.. Such experiments and t,he i r , i n terpre ta ti on , oar e typdcal 
of whpit one .d^^ in scientific Studies generally% particularly 
m* the life sciences and social sciences where variability is so 
ptonounced as to req'uire 'the application p^f statistical tehnlques 
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Activity 1 Selecting Marbles V 



•in this initial Activity "blind" or', chance selections are^.made 
•from a bag containing' a collection of . red and blue marbles. The 
bag 3lE marbles is identified as 'a populatiorr whose make-up (hid- 
den at that point) is being investigated by. sampling/ As the 
children ' con tinue to draw and return marbles to the bag, they' 
build up data on the relative frequency with which, .each color 
appears and arfe thus able to infer what the ratio of colc^rs ^ 
m-igbt be in this collection./ Th^y find that' the larger the 
sample, the more nearly "right" will be their inference about 
the marble population--a con'cept introduced in Grade 3 bu*t con- , 
siderably reinf^orced in th^se Grades 5 Activities. 

The children can see how correct their inferences are because 
in^this case the population of marbles can be checked by open-^* 
ing* the bag. In subsequent Activiti^^, entire populations can- - 
not bfe inspected^ and the children yill learn that infq^rmation on. 
their properties can only be inferred from sampling. 



MATERIALS' AND ^jj^I^MENT: r ^ . « 

For each team of two children you will need:' 

5 marbles of one cc51or> eVg., red » ^ ' 

S marbles of another color, e.g., bliSl^, of the same'size 
2 bags, opaque", e.g., btrqwn pape r^^andwicA bags 
2 Worksheets V-1 f 

additional marbles of a third color ' (optional) 

in addition, you wil.l need for t,he class: ' ^ . 



3^ red marbles 
1 blue marble 
1 ' opaque feag* 



PREPARATION FOR TEACHING 



■ ^ 



The marbles shoi^ld all be th'e same size so that as* the chi>ld 



1^9 ^ 



V 





mi 



MINISEQUENCE V/Activity 1 

■ . , ■( 

of the marbles will not influence his^ 
se Checker marbles are' idea''l\ ^Prepare 



makes s-elactigj^, -t'he fee 
op her predictions. Chi 

a* brown Bag out of vLew'df the children. Place'* in it 3. red 
marbles and 1 blue' marble and en .twist* it shut. Do not dis- 
play the entire coLleq.tion of marbles ij^ntTl the children are 
ready to set up their ownbagpopulations, \^ 



ALLOCATION 0? TIME': 

The children will need aboiit 1 



TEACHING SEMUENCE 



1 Show the class the bag you 
have ,pi^pare d and tell them 
only that it contains four 
marb^les , possibly or more than^ 
one cplo r . , 

• I-f you selected a marble, 

• >7itho*^ut look'ing into 

bag, «ould you say what t } 
color i,t might be before ! 
picking it ou^t?' 



-1/2 ho.urs to complete this Activ- 



t\o.^ There is nh^^in f ormatiofi on 
^ which t^o base a prediction* 



k • Suppose one marble were* V 
J picked out of the bag (wi'th^ 
o u t * 1 o*o king i n s ^ eft , /o f 
course). 'What cou you. 
then s ay ? 

- ft 

• If this marble were th^n 
replaced, and ano'therl^"blin4' 
selectipn were m^de , v^uld 

♦ you know more abp^ut the 'col- 
*^^or(s) of the four marbles in 

the' bag? 

Next, ^ak ^the chi.ldren if ft or- 
5 mo.re draws were made--the 
m^arble beipg repliiced after |- 
each^ dS-aw^-couTdv^hey th^n say 
sometj^ingxSbout ithe co^c r (s;;) 
of the^arb^s ii^S^he pag^? ^ 



n n 



. / 




Commentary 





1. 



One x^f the possi'ble colors 
woulov thjfn be known. 



n\y if, -^t 



Only i f , -"by Nrhanc^e , another 
color h^S b^erK picked in' the 
second /draw . . ^ 



More tlvah likelft^-— it is probable 
that Sevett-'al' dra^s some 

"information" about -ttt^ coloj;:(s) 
would have [been revg^aled sinqe 
t^here are only four marb les «Ln ^ 
t^.e ^ag . ^ . \ ' , 



MINISEQUENCE V/^ctjLVlty 1 



\ 



TEACHING ^^EQUENCE 



Now suggest that • the^ children 
try it. Have eight children 
CTDiae up and take turns in 
"blind" selecting a marble 
from the bi^. Show the selec- 
tion to the clas^ and have 
anotlfer child record the draw 
on ±iie qhalkboard. Before the 
n^xt child makes his selec- , 
tD.on,^tfie marble must be re-| 
tfurned, and b^tw-een eaeh'se^ 
lection -you should tumble tHe 
marbles in the bag 'so that ^he 
V^replaced marjDle is not on tqp . 

You might asic the children^ to 
. predi.ct the color of reach *draw' 
'ahead* of time. 'j After eight? 
draws, the record made »by the 
volunteer recorder might ap- 
pe*ar as in thd char.t below :| 



COMMEI^TARY 



DRAW 


R^D/ . 


BLUE 




1 


i 


y 

1 






i * . 






- 3: 

4 


i 

' / i • 


' i 

< 




















) - 

7 . 


;^ ' { 














4'otals? 


5 




t 



Once' 



ERIC 



the data ihave 
lect^d pn the /chart 
a tallyVof t}ie s'ele 
1 o w i t . ^ 



b^ee 



»c o 1 - 
repare 
ions be- 



S^nce .each drav is a chance se- 
lection, it cannot -b^--:px::edic ted 
with certainty. The children 
are building^ up evidence 7 how- 
ever, on th§ mos t' likei^rat^o 
of dol^s in the bag. * This se- 
lection is similar to any game 
of chancy, as^with the spinner 
in Activity 5, ftinisequence VI 
of G^'ade , Whereas the indi- 
vidual spins could not be^ ac-X 
curately predicted, the chil- '* 
^(^ren built up evid'ence in 30 
sf)ins that e,nabled ; them to 
predict s ucces s f ul ly * the over- 
arl l l r e s q^. t s . (If y o u f 



dren 
such c h 
Grade 




chil^- 

more experience with 
ce events ,» review thS^ 
Activity with them. ) 



r 



The tally will provide 'a visual 
picture of how often 'th^ 7 
f^rent marbles turn-up in the/ / 
selection.. Such .tallies Wer4 1 
i n troduced-^c in earl ier -.Grades ^ 
and are. commonly'^.us^d Jiki con- • 
'tent areas other than the sci- • 
ences, e..gv, social studies. 
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TEACHING .'SEQUENCE 



After the children have seen 
the results of this .first set 
of^ e light selections, tell them 
to call it "^mple. 1." Then 
ask them whether one,, of the 
marbles ^in the-bag might p^Q^ 
green, (' " ' ^ "^"^ 

% ' 



Ask them 
• s u«l t s of 
eight s.e lections 



to predict the re- 
a second s ample of 



How many reds do you think 
will be, drawn?' How many 
blues? * 



Repeat the selection procedure 
to produce a nev^se-ti^f da,ta. 
Again, each itv^TOlec should, be 
repl-aced after it is drawn, 
and the' marbles shbul4 b,e^ * 
mixed between selections. 
Call trfiis "Sample 2."' 



Compare the data from ,tlie jtwo 
samples. ^ Tlien* a,^!^" t'Ke'. chi/l- 
dren if the'y o^^n now predict 
with 'certaint-y. what c<Jlar,s the 
^marbles are. **« 

• Could you prediVi'*^i th more^ 

ce-rtainty if you.*Gtc/6pined' 
'the samples in to -^aitlar'-^er 
sample o'^f l6 drawsp Could** 
you average the re&ults ot" 
the two samples? ' . y * 



MINI SEQUENCE V/Activity 1 

N 

COMMENTARY ' 



Yes--on,e could be, but the 
chance is ^mall that it^ would 
not ^ave been chosen in the 
total of 8 dr-aws ylfiade • 



They may say that they cannot 
be sur-e, or they may p,redict 
^that the second trial w-i-l-l^-^e 
' s imi 1 ar to i;he f-t rs t • Th^e 
la'^er is' a better inference. 



Select a new recorder ^and -eight 
different childreh\fi:om the 
class to make< the chance draws* 
for Sample 2 , 



They shoulc| realize 
still cani{ot .be 
cert^n of their 



th>a1;.^^^ey 
absolute^ly 
predictions • 



The be^" prediction woulxi be 
based on cambining^'the two^ 
se\'s^ pf data above, ,For* ex~ 
ample/ if each sampl.e gave^6 
red o^ut of Q (12 out, of 16 
totalS t that best prediction 
woul'd l5e ^that^4i oiit of the^ 4. 
mar^bles in the l:y&g' are red 
because 6 -out of 8 (or 12 
^o u t of 16) 'i s(^ t h e s atne ratio 
as ( reduces to ) 3 outi of 4 • 
iNf Vthe two samples ga-ve dif-- 
f erent numbers of red , the * " 
best prediction would be based 
ort the average 6f' the two sam- 
ples . For exafaple , if the . . 
first s ampl e ''gave 6 red anS 
the second .gave 5, the best 
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^INISEQUENCE V/Activity 1 



TEACHING SEQUENCE 



4 ' 



• WhTch technique--coinparing 

samples, or combining and 
f averaging them--gives more ^ 
inf arma tio>(i? 



After the children have* -com- 
bined the'feamples/ found t ^e' 
average, arid made their pre- 
di-ctions/ open the bag to ' ** 
show the actual number, of • 
•red* and blue tnarbles. 

2. Now have the children wofk^' 
in teams of t^wo.^ Provide each 
t^-am »with' two • opaque bags *ai>d 
five, of each of two di^fferen^t 
colored marbles. . ' . 



Without lettrng. hih or her 
partner observe, *on^ teammate 



COMMENTARY 



£3pi*ediction would, 'be based on 

the average which is 5.5. Since 
^ this is closer to 6 put of 8 
(3 out O'f 4) than to any o?her 
possible combination of 4 mar- 
bles in two colors^, t he vb est 
prediction would aga'iif 3 
out* of 4. Shoul'd it happen * 
that t-he average is closer to 
some o.ther possibility , discuss 
what might be found if another - 
sample we^e taken. Although . 
thJere is no guaraiftee \hAt -a 
th'itd s ampl-e^ would "b/alance . 
out," (the commQ.n belief that 
it would is a fallacy) , the 
probability is va-ry sm^ll -tl^t*--- 
several ^onseciitftve samples 
^ould f-avor^an, inference^ other 
than the ratio »o/. 3 iTedstto 1 
blue. 



•Combining and averaging^ because 
altliougji com^pairing will, yield - ' 
information on vaf iabi lity 
among samples,, averaging gives 
a *.bette;r idea of xthe population 
value because of \the I'arger 
samp,le (see GraSdVS,^ 'Mini- ( 
Ssequence III ) . 



If you are using red and blue 
majrbles, each »*team should .get 

re^s and 5 blues." Using 5 
rtilirbles at this stage will "'add 
to the in teres t by increasing 
the number of possible com- 
binations 'pf colors. 



Any 
choi 




,ratio of colors 
en , includin^5 




^WORKSHEET V-1 



Sampler' s- Name: 



Recorder's Name: 
gampling Colored Marbles 



, ^ %DRAW ' 

r 

2 
3 

4 > 
5 
6 
7'" 

'. ^ 8 

TOTALS ■ 

i 



^ AMT 
RE D 


^T.F 1 
^LUE 






































1 J 





AMI 
RE D 


BLUE 






* 




























- ■■ ■ ^ 









RED 


BLUE 


























— < 



















MARBLE 



. Tally^ fo^ Totals 

* DRAWS* 



RED * 










BLUE 


r 


— ^ — — 

"^^^ ■ ■ 


r 





' ' . Analysis of Data 

1. variation in count" of red marbles: The range found in the ^hree 
samplea,/was from to red marbles; ^ 

2. Combination- o% th^ totals of three samples: 



BLUE 



SAMPLE 1 
SAMPLE 2 
SAMPLE 3 

Cojnbination 



7^ r 



5> 



Average of the 3 
* / (Combinatidn/3) t 

7 Jr 



3. '^The best i^ifer^ncd : The -number of red marbles in the group- Qf^ 5- in ^ 
'the bag Is inferred to be . . ' *• -> . . . / 



bag 

4. • The actnaV^^^i^s^ of red marbles in the bag is 



■ m 
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M*NI§EQUENCEJ V/Acti\/ity 1 



1 



TEACHING SEQOENc'fe 



shouJ.d select five marbles 
from the tp^tal of "ten and, 
place them in the^bag. .It 
wtill b*e the task of -th^ other 



teammate 



e a reas onab I'e; 



to 

inference about the nuni^ber o^ 
marbles of e>ach' color in the 
bag after drawing, and re- 
placing, three '^eparate^ sam-- * 
^les of 10 marbles ' eaph ^ ; Th'fe 
results of each draw shauld' 
be entered on Worksheet V-1.- 
A" t^l^l^ of ^ the totals ^'nd an 
analysis o'^f tlie 'tia ta. shou,ld 
also be ma.de . *, ^ * 

After tjja. three samples' are 
-taken, the teammates ""should 
.s»wi tch "rol^s : the second child 
should make up a population of 
5 marbles, selecting any ratio 
of colors. Tfie ^irst child 
s ho.u Id en take 3 samp^le's ai^d 
fill* rn the data on another 
copy of Worksheet V-1 



Discussion of their result^ 
snould include-th-^ f dl lowi ng :i ,i 



How close did 
eilces come to V'ie 
red marbles whrch 
each ' population? 



I 

rfcl 



ur il^i nf e r- 
uml>e r 



V 



At which dr^w "Sid y6i> feel 
it w^^as^/'saf e" to T^^e an' 
inf^erence abou^ th^ com-"' 
pofeition/of this /'hidden^ 



population? 



COMMENT^ 



none of the o.ther. 
maJjes" up the 



one color and 
l^h.e child who 

"popuTatibn " may'act as^ a r«e- 
^corder. ' Enco.urage t*he team- • 
mj^'tes to .d*iscuss the best in- 
f e reruce about numbers of colors 
Of course, one teamTnate .Jcnows 
the answ,ef. HoweveP, he or 
she may be intri-gued to see 
how close the sample"* data come 
to the actual -r^tio • 



After each child l^as mada an 
infUfcence about the ratio crt 
colors , the^bag sH'oTild be 
'opened and the^* ac ty^a 1 ratjio 
checked/ , " . ' 



In the disciJiS^ioi^ z^jgfeir/to the 
composition* of e^ach -ba^/^as a 
po£)ulation;^,f irviarb,res . Help 
the Ch ildren'^ real ize that th;^ 
'tcTtal ^ppul#ation "theV are Iri-' 
ves*:igattn*g i»' in^^the^. bag and. 
that it ife 5>bs6i'b?le to^^'check 



inferences ^abput 




population 
bag . 



simply by openi ng 

-This^\will vary v^iJ^th' th^ actual, 
ratio made 'up by .the teammate.' 
But certainly the first draw 
woul^ tell tljem. less than 
later one^.'. After a num'ber 
of selectl*6tis--s e ve rai 8 or 
10-dr aw^ s amples~~were^adfe , 
their ^.ave rage^ac could be usec^ 
1:o> ■provide'* a' "sgifer" inf^r- 
enbe'. * * ^ 
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, MINISEQUENC& V/Activity 1 



EXTENDED EXPERIENCE: , ' * 

t . 

Prepare a population of marbles cofitaining a third color. For 
instance, place 3 grpeh, 5 blue and 2 red marbles 'iai a bag. The 
selector should be told that there are ten marbles 'in all.' Again 
have the children draw, record and replace the marbles as before^ 
Have them keep a, record of a sample of ten • se lections . The re- 
sults of one possible sample from the suggested ratio above are 
given below. ^ • » - 





DRAW 










C JLi U IZj 


Ki:i u 


GREEN 














1 


1 








2. 




1 




> 












o 


1 


















4 


1 








5 




1, 

• 






6 




1 
















7 






1 




8 






1 




9 




1 


If 




' * ' 10 ^ 


1 










, : 








Totals 


4 


4 


2 












* 


.TALLY 






MARBLE 


. DRAWS 














> 










^LU^ 


1111 






RED 


'1111 






GREEN 


11 





HOW good would an inference be about the populat'ion based on 
this' one sample? If several samples were taken and the results 
aver^aged, nvor^e confident inferences could be. drawn. Therefor^, 
after the first sample, have the childreh take two more samples 
of ten selections each. Does, the average of these draws agree- 
better with the population^ Open up the bag and' lookl 
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Activity 2 • Tossipg.Cubes 



The primary objective of this Activity is to 'help children de- 
velop an idea of how frequently an action or ev^nt can occur 
mer-e^ by studying a physical model. By studying the physical 
characteristics of a 'cube, children develop ah idea of whqit to 
expect about certain chance ^.vents, in this instance a throw of 
the cube. They predict that if the .cube were thrown ^many times,- 
any one face out of the six p6ssible ones-vould appear as likely 
as any other. The children the/i construct an expected distri- 
bution of the frequency (in the form of a histogram) of the 
faces Showing if they were to throw the cube a nOmber of times. * 
In addition, using 'the same kind of object--the cube, they pre- 
diet how often the various sums of the numbers on the faces 
would show up if two cubes we're thrown together. in tHis way>' 
probability is introduced-«as »the expected number of times a 
particular sum of faces would appear out' of all possible out- 
comes of throws of cube(s). In both cases, the expected or 
theoretical frequencies are then vei^ified^by the children actu^ 
ally performing the throws^ As in the previous Activity, each 
individual thrgw is seen to be a chance event and not predict- 
able. Only when the sample size becomes lar^e does verification 
of their predictions emerge. - . 



MATERIALS AND EQUIPMENT: 

For each child you will need: 



7 



\ 1 small cube or die . 

l\^cup, polyfoam or other opaque material ^ / 

/ 

1 crayon 

2 sheets of graph paper,* 1 square per cm' ' ^ 
1 Worksheet' V-2 ' . . 

PREPARATION FOR TEACHING: 

Boxes of dice can be ot>tained in many hobby or ga*me stores^, or^ 
children^can be aske4 to bring in dice from their games a/c home, 
If there are objections^ to the use of commercial dice, yOu can 
use white (unit) Cuisenaire rods suitably marked. Whatever 

- 290 ' ' 



MINISEQUEIsICE V/ACtdvity 2 



Cubes are used shouj^'cf be regular, so that each face is equally 
likely to turn up wh^n the eube is. thrown. For this reasof? dt 
is inadvisable to substitute sugar cubes because the fedg'es will 
wear and bias' the children's data. 



, graph paper usually called for is i squares par cm ^or 4 
ares per in. These squares are unnecessarily small foij the 
hi^ograihs. If you have no 1 sq/cm graph paper availably, ior 
no pyaper which has heavier markings at the Qm lines), and do 

ant to duplicate your own, the children cXn' use a pencil | 
• and'rViler to mark off evfery othe.jf line on the .2 sq/cfm paper 
and t]\us transform it to I'sq/cm. Another ^^ubstitute is to 
take, regular lined pad paper and dray vertical lines for the ✓ 
inte.rvals of the histogram. In P^rt * A , ^there should be enough^ 
lines fV>^ ^ columns; in Part B, there should be enough for^ 
11 columns (2 to 12 possd bll i t i es ) . 



ALLOtATION CVF TIM£ ; 

The children \/ill need about 1-1/2 to' 2 hours to complete this 
Activity.' 



PART A 



/ 



TEACHING 




EQUENCE 



1. Giv^ each child a'cabe. 
Ask them to c^ount the number 
of its sides and then look .at 
the size ^nd shape of each 
s ide . ' " *v 



• What 
th i s 



are the propettres 'of 
6^3 e^t? • ^ - 



L 



COMMENTARY 



This Activity i^ in two Parts*. 
Part A is concerned with a 
single cub» and the probabil- 
ities of each -face showing up 
when thrown; -Part B is coni- 
cerned with the throws of com- 
binations of two cubes. Al- 
though tl)e cubes w not be 
tl\^rown 'for a wh^leV the chil- 
dren must have one hand in 
order to th»ink about Xhe pos- 
sible ^outcomes of a throw. Th 
sides^ r[lay also be referred to 
as the fac^s of the cube. 



.The cube 
whrich' is 
§^ze . In o tTie r 
side of a cube is 
every other side, 
i n d i s t'i n.g u!i s h a b 1 e 



has |fix< faces, each o 
a square of the s ame 



words, each 
th>e safne as 

They* are 
unless they 



are* marked in some way 
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MINISEQUENCE V/Act,ivity 2 



TEACHING SEQUENCE 



• If you tossed the cube, 
would there! be any face' 
that wouj-'d' turn up mos/fc 

"of the time ? ^ / 

If regular dice' are oot being 
used, the childaien w have 
to decide how to tell one 
side, (or face)' from. the 
othe'rs. ^t this point they 
could put numbers on the faces 
6 f the cubes . / 



/ 




•^Froiy the physical nature of 
thi^ cube., what faces would 
yOyU expect to l^urrt up if you 
tMrew- a large number of 
csubes , or if one cube wer^^ 
throvm many times? 

• How could your prediction 
be pictujrea?. \^ 

) 



a ^gridlike chart on the 
chalkboard *and tell the chil- 
dren that you would like to 
represent the expec^ted collec- 
tion' of .data on this grid. 
Mark the base pf the gri^J 
(the horizontal axis) so that ' 
each o^^ six' columns stands for 
one of the faces of the cube. 
Then the vertical axis', or 
height of each column( will 
represent the number of throws' 
when that face turne.d up: 



COMMENTARY 



Since each'face is identical, 
there should be no one face ' 
most likely to turn up--l -would 
be as I'ikeTy "as 2 and so on . 



They can write the numerals 1 

through* 6 on 'different faces -of 

the cjabe . To' make t-he cubds 

like dice, t*he oppp'si'te faces 

should add up to 7: 1 opposite 

6, .2 opposite 5^ and 3 opposite 

4. Letters, A through F wbuld 

do a^ well as numb.ers for this. 

Part. However, because of the 

later "^inves tigafcion involving 

the sums of the numbe r s on the 

* 

faces, they shojald use numbers. 



any on6 



Si nee 
as any other 



face is as likely 
the collet:tion of 
faces would probably be eVenly ' 
distributed, with just as many 
l*s as 2's, ^s 3's, ,etc, land- 
ing face u^. 



5 

In the previous Activity ttie'' 
Qhildren kept, a ch*ar*t and a 
ta-lly of the outcbme of each 
selection. The same w^uld be 
done for each imaginary 
of the cube fV'coiumns , 
rows ) . 



1 



th%ow 



Thi^ will be in t*he form "pf a 
histogram, which was introduced 
in Minisequence Vl'of* 'Grtide 4. 
Before , introducing tlje histo-'^ 
^gram> you may want ^ha child-ren 
to con$id6r the* simpler way pf 
.showing; a f r»equency dis tribu- * 
tion that, theV used in Activ- • 
4ty 1, especially if they* ha.va 
Tiot had Grad^e 4 of^C.OPES. *If ' 
marke are "e.ntered 'for each time 
a given face ^is expe(:t to show 
up,jWhat wouia they expect t^he 
theoretical tally of, S;ay, -18 



MINISEQUENCE V/Activity 2 



TEACHING '^SEQUENCE 







CO 




o 


5 




4 


O 


3 


a> 

X3 


2 


E 

=3 


1 







1 2-3 4 5 6 
face 



•1 



\ 



• What might the histogram 

look like if," say, 18 cubes 

were thrdwn--or if x>ne^ cube 

were thrown 18 -times? 

Help the" children 'to realize 
that s^ince 'any one face i^ as 
likely a's any other, the 
heights of' the columns in the 
histpgram co'uld be expected 
■ to turn' out eve^. To empha- 
size this,," shade in the 
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throws to* look" like? tit would 
show the same numbe r of tally 
njarks-- 3-- f or each face--as 
shown below . ) . 



^ FACE 


NUMBER of: throws 


' 7 

1^ 


111 


" 2 


111, 


* 3 


111 


4 ' 


111 


5 


Hi: 


6 


111 







In Grade 4, children were pre- 
sented with a number of oppor- 
ytunities to construct his tog rams 
of data that thdy collected on 
measurements 'such as their ages 
in months , fingerlengths, etc. 
You may Wish to review these 
Activities to, establish the* 
technique of' constructing the 
histogram,' Note that th^e base 
line is always divided into 
unit Increments which increase 
re\gul^rly f^om left to right, 
and .the column or bar above each 
position on the base represents 
how often tha-t value t^urned up 
in the da ta • i 



-As the children disc 




A 



the 

possible throws, see/ if- they 
realiz*e ^that the , chance o-f ^ny ; 
face .turning up ,is one out 



one 



of six--sinc}e there are six'/ 
equallV po6s\Lble faces . Th.us » 
in the theoretical* illustration 



MINISEQUENdk- V/Activity-2- 



^ TEACH*ING SEQUENCE 



columns on the grid on the 
chalkboard until ttiey are all 
even. (If ^ overhead projec- 
tor is available, this can be 
demonstrated on a transpapren- 
cy '. ) 




2, Now suggest th'atljthe chil- 
dren find\out how well their 
. actual' data might approach i 
this .theoretical' distribution, 
They should collect data on 
thrr.ows of their own, cubes r 
Have th^m put the cube in ' 
the cup,"* shake it about a* 
bit, and ^then^ invert it oVer 
the table. Have them repeat 
the p'rocedure a few times. 

v« Does the same face turn up? 



Give each child a copy 'of ^Work- 
^^..^^-^e-e t' V-2 ^pd ^ave the chil-^ 
/^dren toss t^e cube 18^ time^, 
recording ea^rh throw^ 

• As they collect the data/ a^k . 
^' if they can accurately piredict 
ah" .indi vi,ii;ual thrpw* 



of 1*8 
turns 
18 th 
'Of 6. 
then 
re tic 
Th is- 
land e 
-spi 



• COMMENTARY ^ 

4 \/ ^ * 

throws, tly6 face, number 5 

up 3 'times. Thre'e cut cf 

rows is the same as -1" out 

If 600 throws' were made, 

any ohe - face would theo- 

ally turn up, 100 tirae6.' 

is s imi lar to the findings 

xpectations, using the 

_s^ in Grade 4. , 



No, generally they will .fiad 
that -the number on tbe face 
will vary^ However, with only 
a few throws--that is, a small 
sample-- it is possible th.at an 
individual child may get a 
particular face to repeat* 



Some fchi 1 dren may want to put 
a • dis t'inguishing mark on the ' 
>/orksheet to indicate, their 
prediction £or a giveil throw^ 
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•WORKSHEET V-2 



N^me : 





' / FACE 


\ THROW 


1 


2 


3 


< 4 


5 


6 


1 






c 








2 






f 








3 














4 






• 








5 














6 














7 












' / 


S! 














9 














10. 














11 


^ 












12 














V 13 














14 














15 • 














16 




























18 \ • 

\ 














\ 

TOTALS^: 


\^ 













T^Jdy llecord 



FACE 


THROWS 


TOTALS 


1 












3 


y-^ — 




4 . ■ ' 






•5 






6. 







MINISEQUENCp y/Activity 2 



V 



TEACHING ^SEQUENCE 



After the 18 throws "are re- 
corded, the children should 
add up the times th'at each 
face show&d up and fill in 
the tally on the Worksheet. 
One sample of 18 throws. of c 
cube^ resulted in the tally 
illus tratefd^ below: 



FACES 


THROWS 


• TOTALS 


1 


11 


2 


2 


•111 




3 


. 11*11 


4 


4 


* 111 ' 


3 


5 


11 


> 

2. 


.6 


^1111 


4 . 



COM'MEHTARY 

• • ^ • ••■ ' • 

and then s^^^how well 'their 
prediction -turns out. Since 
each throw is independent, the. 
face turning^up i^ a pure 
chance eVent. Just because 

Ja five, f or/'ins tance has not 
shown up for se'veral throws , 
does "not mean that a five is 
more likely ^on t^e next throw^." ' 
There is still on'ey, chance out 
^of six that, a five will appear, 

,no matter how many throwfe, pre- 
ceded -it without turning up a 
five. It should be rjoted, how- 
ever, that this, is/ true only of 
a perfect cube . It is possible 
to bevel the corners and edge^ 
of dice so as to bias them in ^ 
favor of a certaisi ' f ace oib^' 
faces . ' 4 

: ^- >■ 

The' Worksheet is \spe ci f ica 1 ly 
-designed so that each trhrow is 
entered before the tally is 
made.. In this way* the children^ 
can readily see that there is 
no pattern to the sequ-ence of 
faces' turning up. 



Note that the tally pf^throws 
isvery similar to the'one in 
Actp.vity 1, except that here 
there are 6 categories to keep 
track of (the 6 faces) whereas 
in .the first Activity .there 
were only two (red and blue). 
The deviations from chance are 
_^\*yell with*in those expected 
Vrom small sample's . 



ERJC 



Now have each child take a 
piece of graph p^per, set up 
the axes as yoif^ave illus- 
trated on' the board f-or the 
theoretical throws, and enter 

is or her .data ^n the form 
of a histogram.. 



-7^ 
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TEACHING SEQUENCE 




• H6w do your histograms cc 
pare witj) the theqre ti ca"! 
one constructed on the 
charkboar(?? ■ 

• Why. do you think your* histo- 
grams' are unlike that you 
predicted? ^ , ^ ^ 

/ 



\ 



Two children can combine their 
data to see ;wfiat kind of 
histogram isr o^btaine-d for, 
say, 36 throws., The ctLass as 
a whole n\ay ^w.ant to' cambine 
all the^ data. Do not , dis- 
courage them. See how well* J 
they approach the equal*height 
colujnns pf th-e theoreticerl - 
h i s t^o gram . 



PART- B 



Now hold up two cubes and 
efer to one as cube A-and.the 
other as cube^ h\ As}c what sums* 
of the. numbers on the faces aire 

284 ' ^ ' 
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Mos^ of their histograms will 
show *varia*tioo in the heights 
o f ^ the ' column^s .V • * 



The >ch*il.dren should suggest 
that the sample ^size is too 
small. If they combine their 
data, thus increasing the 
sample size, it should ^be 'ex- 
pected that the resulting histo 
gram would more clpsely approx- 
imate the theoretical. 



i 



If the heights of the 
umns d<^ not becoVife even 



six col-*- 
a f tee- 
the 



en ti 
should be 



^^^eollecting data f or 
c Las s ,^ the child ryen 
encourct<ged to "fi'gure out" why. 

been variations 
on wlji ch the • 
^the way they 
were thrpwnr, hrx soiyie childreji 
might hav^ had .cl'ased cubes. 



There*^ maV^av^e 

in the surf^.ce 

t 

cubes , landed iti^ 



The possible ^syms ax^ froYn 2 
through 12; the lowest, 2, 
results frofn the combination of 
two l*s\ while the highest, 12', 
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MINISEQUfiNCE .VA9tivity 2 



• TEACHING SEQUENCE 



possible when both cubes, are 
thrown at^ the ^ame tiina.. a 

• ^re all of tbes^ sums ^ 
qqually likely? 

To help them .^nswer thi's qvie^- 
,^fei.4m, ask 'tjie children, for 
dnstanc6,. how many ways ^ 'sum 
of 2 may^ result, 

•%How many different combina- 
^ . ^ ^^J^s will yie-ld a^sum of 7"?!; 



• Sinae. t*he sum 'of 7 can occur 
In more ways than a sum of ^ 
'2, IS at reasonable to ex-* 
p*ect' that ;^ 7 will be thrown 
more often than a' 2? 

Ask tl>es^ chi Idren if they car)' 
devise a way ' tf>>' s how all the 
possible sums when the * two 
cubes are tO'Sse^ at/' opce and 
tjie numbers Von * th*e fates are 
added . 

r 

—SI * ^ 

Construct a table on tfie » 

hSlHb-oard, Put %the fa'ce num- 
b^er^" for Cub^ A along the top • 
and . for , Cube ' B along the, side, 
a§^ shown in t^e^ i ITus t rat ion . ' 
Wi^th, the. plass as helpers, 
fill in the. values for each 
squaife, asicing, questions as 
YOU bkd before e.. g, what 
do,es t^h^ combination- of a 1. 
and 'a 2 yield? 1 apd a. 3? 
1 and i 4 , gtc . ' * , 



COMMENTARY 



re^sults from the combination of 

two 6 » s . * ; ' 



A sum of 2,can result on^.y 
a combination of two I's. 
there is oniy one'way. 



oor 

f.r om 
Hence 



Cube A may s«how a 1 and cube B 
a 6, cube A njay show 2* and cube 
B show 5 ; A may show 3 and B ^ 
Also, the converses: « 
Bl , A5 and b2 , A4 and ' * 



show. 4 
A6 and 
,B3 / 



In 'this physical ^mqdel with 
each face being equally ^^.ikely, 
th^ answer is yes. . > 



One way o^ ordering all possible 
Nr s urns is by means of a table 
containing.s^uare^ in whi^h 
each of^ the*^ possible sums can 
befilled'in;* 





Cube A 

. J 2 3 4 5 6 




. 7 






4 




2 


a. « 






Cuba B ^ 








4 








' 5 






X 


6. 






\ 
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\ A. 



?93 



You may find it desirable, to 
prepare a. blank ^L^i^ ^ Work- 
sheet and have the .chi 1 d'r e'a.^* 
fill in th.e squares on their 

285 



MINISEQUENaSs^V/Activity 2 



TEACHING SEQUENCE 
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A completed *ta£>le is shown 
below: 





, . Cube A- 






1 • 2 ■ 3 4 5 


6 


1 


2 • 3 4r 5 6 


® 


2 


3 4 5 6 0 


8 


Cube B ^ 


4 6 0 8 


9 


4 


5.' 6 0 8.9 


10. 




6 Q) 8 . 9 . 10 


11 


^ 6 


0 -8. 9 No 11 


12 



• H'ovr many possible combina- 
tions are there in all? * 

♦ Which su-m will ^urn up most 
frequently? 



4 



Introduce the term probability 
at this p'oi'riNt. -The probability 
of obtaining the sum of seven 
upon throwing a pai*r of dice 
appears to - b,e one* out of six. 

Now discuss the other poss'ibl^ 
s ums ♦ * . ^ 

^/ 

• In how many way^ can 'the' 
s um, 2 made? 

' •'Then vJhat is the probability 
of thrcTwing a 2? 
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own grids as yrfu develop the 
sums^ with them on the board. 



V 



the table s-ho^ws , there -are 
36 possible combinations yield- 
ing 11 ^different sums. And, as 
shown 'by ^he^ Circled numerals 
'bhexe are» si^ different vrays 
o f ' ol?taining a sum'of 7. In 
the class discussion ,\ljelp the 
children- to understand ^'hat a 7 
will .turn u^more frequently 
than any cTther sum-T6 times 
out of 36, Thus, theoretically, 
"the probability ^ of a 7 appear- 
ing is 1 out of 6 <6/36 = 1/^) . 



Only one, a .combination of 1* 
an^d 1. / 

Out of the 36 possibilities, 
the probability (cTiance)* of 
throwing a 2 will b.e * 1 out of 
36, ^ 
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'MINISEQUENCE y/ActiVity *2 ^, 



.TEACHING SEQUENCE 



• What is the probability of 
tJ;^rowing a sum of l2? 



• What is *the probability^ of 
a -4 being thrown? * 



Ask^the children to construct 
a hi^ogram on\graph papeV 
showing the expected, frequency 
for the various possible sums * 
when two cubes are thrown 
together;;', as indicated on 
the table shown. 



How does this ' tliaprp t ical 
histogram compare with the 
one coHfStrueted for expected 
outcomes when a single cube 
was thrown? 



COMMENTARY 



Again, the re is oqly one comc- 
bi*nation which yielcis the sum 
Of 12. Thus, its prob*a6ili ty ' 
would also be"" 1 out of 36. 

A 4 -can be''rnade by 3 different' 
combinations: -3. and 1, 1 ar^ * 
3, -and 2 *and 2. ^ Thus the pr^b- 
ab 1 1 i ty of ob^-a i n i ng a 4 w'i 1 1 
be 3"^out of 36 (wh i ch 're duc'fes 
to 1 out, o^f *1^) . 

This 'would he a histogram of 
the* theoretical, expectancies 
for a trial of. 36 throws. The ^ 
completed theoretical "histo- 
gram is il lust-rafted.^ belov^ 



ERLC 



I 7 
S 6 
° 5 
° 4 
3 
2 
1 



cu 



2 3 4 5-6 



r 8^ 



9 10 11 ]2 



Posstbje^ufns of faces 



'tJiat/one* was fiat, since any 
one/ face hafl. the--same expec- 
t£mcy^as any other. . Hexe the 
"robabirity of throw^ii^g a sum/ 
/of. 2 is very* different 'from the 
probability 'of a sum of 4., for 
instance. .If you sen^e th^t- 
•they are having di-f faculty with 
this ^dea, as{c them *f6r the 
prot)abili ties , in th^ case^ of 
the single cube, of throwing 
a 6, a 4, or* a 5- In all-in- ' 
sta-nces, it is the s'ame--0'ne 
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TEACHING SEQUENCE 



As tliey' discuss the frequency 
distributipn of ^the expected* 

\^outcomes, remind the children 
that it is an ideaJ. histo- 
gram, cons tructed from a con- 
sideration of ipos^ihlo, out-, 
comes leather than from the 
actual tQss^ing of. dice. Then 

^ ask them hoW c*losely €hey ' 
^ould expect a. graph of the 
res'Ults of .actual di ce ' tos s in^g 
^to^ correspond to the graph of 
expected outcom.es. 



Now have the 
tf^lSlfts o f ' two 
oA 3 6 throws 
jcubes. They 



chi Idr'en work in 
ta collect^ data 
of a pair of 
can set up theif 



own taLly record similar to 
the one they used in PartrA. 
But here thfey must provide ^% 
st>ace for 11 possible re»^^ults 
(2 to 12), instead of 6. 



/ 

The jhildren. shoul-d again li^e 
the* cup. to shake 'and throw, 
but this tinfe using two qube 
instead of one. Each team 
should throw the pair of. 
dice 36 times,' record the^ \ 
results, and construct -a 
histogram showing the, outcomes 
of their 



/ 

tosses 

/ 
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J, 



out of ^ix. But not so for the 
combination's of two cubes. . 



Based on their, previous experi- 
ence in this and earlier ^Actj.v-. 
ities^they may ex^^ect that the 
larger the size of the sample, 
the more closely the histogram 
of act'ual outcomes og dice toss- 
ing will approximate the shape 
\>t the theoretical ^ne . 



You may also want them 'to re- 
cord the-'outcome' of each throw* 
as in\Part A. Then have^them 
constr^uct 'a chart similair to 
.the one on Worksheet IV-2-- 
but , again, provide for 11 
possible result^/ 

If they use a chart the^e should • 
be, 36 s'pacTes for the envies 
t(a[s there were 18 fpr-..th^ throws 
in^ Part , since the teams 
will be throwing 36 times . 



Since the.theore 
is on the board , 
can ^use it ^as a 
base line on the 
shoul d be marked 
l5, running from 
Have them leave* 
above 'the histog 
can •■ combine thei 



tica 1 ^'s to gram 

'the children 

guide . , The 
giraph^Jp^per \ 
off tthxi 2 to 
left to right. 

enough room 

ram^ so*, thiy 

r own data with 
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MINISEQUENCE V/Activity 2 



TEACHING SEQUENCfET 



J^hat does your histogram of 
S'es^^actual throws look like? 
HovNdoes it compare in ^ 
shape with the trieoretical 
one? 



Now- ask them to in'^crease th'e ^ 
sample size by having two 
teams combine' th eir data. Is 
a r ecogn-izable shape emerging^ 



Fin ally >^ pool 
the clas's in ytl%e 
*tilly bn- the- chalkboard, 



of 



all the dai^ 
form of a 

Give 

the chirdrea fresh graph paper- 
Have them mark off the 'axe's 

^as before, but the vertical 
one which iregorctis the nunrtrer 
of times a numbei* appears 
(th.at is, ^the freq'uency) 
should be\ marked off in' five- 
unit intervals. This is the 
pnly way that the results of 
all 500 or so throws can be 
entered on 1 sq/cm graph y 

^paper.- " ' ^ ; - 



When thiB class histogr.am is 

ERJC 
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that from, another team. 

I,t probably will not compare* 
very well. The sample'of,36 
is still too small. 0-ne such 
histogram, is shown bej^ow: 



03 

E' 



9 



2 3 4 5 6 7 8 9 .JO ll'l/^ 

Sum of the two cube faces 



The ^peak 
not - show 
begin to 
size increases 



at 7, which may or may 
up initially, s^hould 
emerge as the s ^mple " 
The low points 



of the 
should 



histogram 
fall at 2 



general ly 
and 12 . 



The combiri stogram of all 

the results can also be done 
on the chaikboa rd 



Alternatively, you may- yant to 
use graph paper with s-maller 
squares so thaf ^^ch event 
can still be rep rf sen ted by a 
single square-. «y 



3o^ 



2^' 
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TEACHING SEQUENCE 

completed, ask the children to 
compare, its shape with that of 
the graph of expected results. 
Are the two graphs similar in 
shape? 



• What covild account for 
di f f erences ? 



the 



Would you e^^pect ttlfe l^apes 
to'be still more alike if 
the graph of actual results 
w.ere based on 1000 events 
inste,ad of 500? ■ ^ 

Thu^^'by analyzing a physibal 
objO^t which can be inspected 
and; IS not hidden from view • 
(as the marlDles were), we can 
come up with an expected 
histogram of frequency out- 
comes-rand then come close to 
verify^ing them. 
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They should be, although ther'e 
are likely to be minor va ria- 
*t ions , • < 

, ^ / , 

Differences ar^ due, of course, 
to the property 'bf variab i li ty 
or* variation -in any. sampling 
operatio-n. 

By thi^s timey most children 
will probably answer in the 
af f i rma tLve . 



In the' summary discuss'ion be 
careful to differentiate 
between the theoretical out- ^ 
comes possible and* what was 
actually found when the cubes 
were th rowrt . In the former, 
the nice symme^trical curv^ ^ 
with a m^aximum of 7 was ob- 
tained because' a cube has six 
identical faces and the 
decision, was made to add t'he 
face numbers when two cubes 
we re th^irown toge*the r If we 
had decided to multiply 'c^r 
subtract th^ face numbers in- 
stead of adding tl^ejafiy '^he 
shape of the pos^k^l-e outcomes , 
would be different. V Similarly, 
the possible outcomes would be 
different if the model had been 
a ^hap^ other €fian a cube. 
T^hus the. form of the "model" 
di'cta tes the shape of the ex- 
pect-e^d outcome 'of frequencies. 
In our cas'e , the jnojjel .as t^at 
any one^ fac^ h/rg''^'''Tn ^ e^qua^ly 
likeiyN chanc^ to- ap'pear, ai 
when two civoes are. tfjfrown we 
calculate' the'-p<:>;ss^ble sums o: 
all equally likely faces, end- 
''ind up, with the' tab-le illus* 
trated on page 286 . In the^ 
following Activity, the mo'd^l 
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will have to be infer3;ed from 
the shape of a histogram of the 
measure me nts on a reason ably-' 
large sample because the'model 
object — a tack-^is not sytnmet-' 
rical and too difficult to 



analyze for expected 



outcomes 



As* far as. the actiia'l throws •are 
cOr^cernedX^here ,is always 
variability ,due to sampling. 
Thus , each sample is an im- ^ 
perfect representation of. th^ 
mode 1 ' s theoretical outcoiSies , 
but the larger the sample , ^ the 
closer one comes to the model. 
If a large sample 'gives results 
that are noticeably inconsistent 
with what is expected from, the . 
mode,l as defined, one may de~ 
cide that tl\e model^^is not a 
good explanation of the phenom- 
enon being studied. If the 
resul ts approach the theore tical 
histpgrum/ as here, then we can 
say that the model in this ^case*,. 
a perfect cube, is probably 
qprrect. ^ 
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Activity 3 How Do Thumbtiacl(s l^nd? 



_/ind put about the chances of certain events occurring 
particular population. The event of interest here is a 



ERIC 



In this Activity the children again use sampTing techniques to 

for a 
thumb- 
tack landing point up when dropped (a- non-event is the tack^ 
landing in.^ny other posf-tion). As in the preceding Activity 
the childr.en will discover thgrt. there i^ a distribution in the - 
number of such" ,e ven ts -f o r t ri a Is ■ consis t ing of ten obseri/at ions' 
each. From this informatioh predictions may be made about fu- 
ture trials '^(samples ) talt^^ from tfhe population — in this case, 
thumbtacks in gene.ral* Unlike" irhe first Activity, however, 
there is nothing tha't can b^ "opened up*' for a physical check of 
the population. Nor can predictions easily^fp^ made based upon 
the physit^al structure of the tack, as in\pie case pf.the* cu%e. 
Thus, information <^bout the pe^pulation canjbf ^g^ined Only 
through tlie application of statistical sampliVig and '^^'^"^aging 



MATERI^iLS AND EQUIP 



For each pair of children you will need: 
10 thumbtacks, of the same kind 

1 unit measure cup> 1' oz (30-ml) 

2 copies* of Workshe'et V- 3 

2 sheets graph paper, 2 sq/cm or* 4 sq/in. 

• / ' - 

.PjREPARATIONv FOR TEACHING: 

other than^ obtaining the necessarf materials, jio^advance 
preparation is necessary. 

AitLOCATION OF TIME: * ' * ' 

« 

Aj:{>out ^r-1/2 hours should be sufficient time foi^^the children to 



ct>mple te .th^s Activity, 
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1 ' 

\ 

\ 

-.A 



1.^ HOW do tj^umb tack's land' 
when dropped? Show>^ the class 
a thumbtack. Drop it a f-ew ' 
times onto a hard surface such 
as^ a desk* top so that th^ 
children can s,ee that it so^e- 
time^ lands point up and some- 
times* sideways. '" A 



• How does the. dropping of th^ 
^ thumbtack compare with the 
throwing of the cube?^ 



• What did yau find is the 

prol^ability ot any one f^e 

on the cube showing up? / V. 
» , ' ' / 

• * ' s. 

Ask the children wh^t they 

think are the chances for the 
. tack ^to land, point up ^as com- 
pared wi th ' landing on i'ts, 
side. Is one' way more prob- 
^able than the other? 




•How did you check your. pre- 
dictions in th$ case of the 
cubes.? 



• Applying the same approach ^ 
how couid. yo-u f in.d' out how 
frequently a tack, will land, 

- point upl 



V 
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Drop^ it from a height of about 
eight inches so that it doesn'i 
bounce too far away. 



This is analogous dropping a 
cube and sometimes seeing it 
land with one face up and some- 
times another . * 

There are two different ways 
the' tack can l,and--poiht up *c^r 



on 



^its * s ide*., In 
the cube , it can 
one of six ways * 



the' case of 
land in any 



Each face has 

showing up one time out of sixi 



a probability of\ 




the case of the cube, t-hey 
make^ a predictiron on the 
of the physical structure 
ot tne cube* -^In the case of 
the tack, it might be reason- . 
able to guess that it wi-lHlarid- 
point up^ loore often tha'n not 
because its head is the he'avier 
end. But the tack is hot as 
simple to" analyze .a'sSyas the 
cube« It'lacks the simple^ 
symmetry which made it easy 
to'predi'Ct th^e expected out- ^ 
combes for the^cube. 



In the case of the ^cubes, they 
checked thei r predictions by 
throwing a large number and then 
analyzing how frequently a 
particular face or sum of faces 
showed" up, as demonstrated by 
constructing k frequency dis- . ' 
tribu^tion graph- -a hi s tog-ram . 

A more spe^cific form of the 
question would be "if you threw 
10 /iaaks , how many would land 
point jup?" This form of 
tion ^/s analogous to 
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ques- 
askTng, i-n 
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TEACHING SEQUENCE 



In order to^find out, they 
could throw one tack a great 
many times, but that'would 
take too long. Help them to 
see that , assuming that al 1 
the thumbtacks are near enough 
alike, they could collect data 
mor^ quickly by. throwing 10 
tacks at once, - - 



2* Divide the class into 
teams of two children. Each 
team should get -10 tacks in 
a ,1-oz cup^arid a copy of 
Work^heejt; The children 

should f^nd a place where 
th,ey can spill the tacks ^ontX) 
a hard surface from a height 
of abaut 8 in es • 



As the children mak'e test - % 
spills of fhe 10 tack$, "call 
each of the'^spills a "trial," 

Each child in the team ' sh*ould ' 
now spi^ll the 10 tacks fiv.e . 
times and record the number' 
which landed point up', for 
each trial spill, (Each child 
can collect half the data 
needed for the team,) 



• How could each teanL be\Sure 
of its accuracy in counting, 
the points at each trial? 



^ 
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the second Activity 
single die or^cube, 
time s in ^ ten ^. throws 
face would t u m up * 



with a 

how many 

a specified 



Even though a large sample will 
be needed to make a confident 
guess about the probability that 
any given tack will land point 
up, collecting such data is far 
less difficult than * trying 'to 
make, a ' pro jection on the basis, 
of the physical^ properties of 
the tack 

• V 



A desk top is 



s ui t ab 1 e,, 
that the tacks ^^are likely 



except 
to 

bounce onto the floor,* If 
hard - surface floor space' is 
not available, use larger cups; 
shake well, and s^'ill from a 
lesser height onto a desk, ' ' 

The definition of , a ^sample here 
is important When 10 tacks- ' 
are. dropped together, that is 
defined as one trial, with pos- 
sible outcomes ranging from 0 
tHrough 10 points^ up, ^ Each 
ch>^ld * s *s ample is then hijs or 
her set of 5 trials ; each ^ 
te am ' s s ampl e consists of 10 
t r i a 1 s • 



The ' team member who spills 
coul& count the points up while 
his' or her' teammate could cQunt 
the number landing 'sideways, 
yhe count of points and sides 
for each trial mus*t*^add up to 
10, t^e total number of tacks 



10/ 



~1 



^WORKSHEET V-3 



Team Member 'A 



Team Member B 



Da£a for "Member A: ' 



trsAl number 


'o. NUMBER OF. POINTS UP 


N^UMBER OF^ 


S^DES 














' - 3' \ 


^> * 

4 




\ \ a 

\ V \ — - 


I ^ 




. ^-^^^ - 

i . 


5 


* 


• • 


-T» — 

V 


\ 

• .\ 


TOTAL : * 






Data for Membet B: 




1 




TRIAL NUlijBER 


NUMBER OF POINTS UP 


NUMBER^OR 


SIDES > 


' • 1 






^ 2 \' 


— 1. » ! 




3 






4 


. * 




. 5 . 


! ■ 





RANGE FOR A IS 

RANGE FOR B IS 

RANGE . FOR' TEAM IS 



TOTAI<^: 



_TO 

( 

TO ^ 



AV^^GE 



FOR A 



TO 



average! for^b 

AVERAGE 



FOR TEAM 



■ef- 
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m 



the spi 




A§ter each team member has 
collected a sample, the chij- 
<iren can discuss their re- . 
suits • 



• How can the data be orga- 

nized- so that we can answer 
. the initial questio>n as to 



Record the results on the'chalk- 
board fdt use in the* dis cussion 
and later, (Recbrd only the. 
points up obtained for each of' 
the five trials.)''- .Or each team 
can ente;r its results on the 
chalkboard as they obtain the 
^ata. The discussioji can then 
f o 1 1 o w . I ^ : 
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TEACHING SEQUENCE 

how thumbtacks 
spilled? ^ 



behave 



wherv' 



For one^ thing, each child caa. 
determine the range in the 
number of points up obtained 
for his or her^sample. Have 
th'em record this, orf the WorOc- 
sheet. Theyv^an also compute 
the range foir^ach team's sam- 
ple. This range may be larger 
than either team member's 
since it includes bo.th. 



• How else .can 'the data be 
organized? 



lild 



Give each child a sheet of 
graph paper (2 sq/cm or 4 sq-/ 
in.) on> which' to enter the 
data . Have them set up appro- 
priate axes 'as illustrated 
below'. 



If necessary, review v^ith the 
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Some bypical results for* one 
tea<jQ are - i , ' ' 

Team Member A 



^Trial ^ 
' NumbeiJ 


^ Number Of 
Points Up 


a V 

' ■ 2 , ' 
" 3 . ' 
4 

■ '5 • 


5 
2 

. 4 
5 » 


Jeam ^Member B 


Tyial 
Numb'e«r^ 


Number Ot 
Point's Up 


4 ' , A 
5 


» 

- ' 7 
. • . 6 

6 



Range for *>A is 
Range for B is 



2 to 
5 to 



Range for the .team' is" ^2 to 7 

By^ this tin^e', the. cons true tio.n 
of' the familiar histogram' to, 
porter ay th'e frequency distri- 
bution of "points up"- sht)uld 
be, readily suggested, by the 
chil dren . 



The horjuzontal axis should be 
set up» ne-ar the bottom of, the 
paper so th^t 'more data can 
gradually be Sdde^'. 



\3io 
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MINISEQl^NCE \^/Activity 3' 



TEACH I NG SEQUENCE^ 



children how to enter their 
data. Ea^h column is identi- 
fied an the'^base line -(hori- 
zontal axis)* with numbers 0' 
through lO. ^Th^'se stand for , 
the numb'er points appearing 
up out of a 'gplll df 10 tacks. 
The children should shade in " 
a square above the appropriate 
column fox each trial^'spill • 
l^he* data' given above would 
look as follows! 
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r-f 7 








i> 




Member A 




trials 


i 














*> 




0 1 


2 


3 


4 


5 


6 


7 8 ^9 10 






up /spill of to tacks 

1 1 — ^ ^ 





Member B 



CO 



1 ' 

, ,J J.„ 1 




i 1 1 






1 ! 1 -i . 















1 2 3 4 5 6 7 8 9'10 
Points up /spill of 10 tacks 



• What is the range, you. ob- 
tained^ in pojfhts, up? 



• 'l/^. the re a 



iue? 



most frequent 
Can you answer the 



vp 

ques^tion,as to whether it 
* i's; mo;^ ^likely for the tack 

/4d l^nd on its side or witti 
/its point up? ' 



' 2 9*8 



They 
from 
gram 



had already 
the data, but on the' 
it would be the width 



calculated it ^ 
his t07>- 



It is unlikely that the^ chil- 
dren will be able to agree dn 
a single .most frequent value. 
The variation in their -results 
^is too great and the sample of 
five trials is reaj.ly too small 
.give an* overall answer. / 

^ 



'Sir 
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TEACHING SEQUENCE 



• Wl\a^t technicfue cov^ld yoq 

* use that would take into 
account -the variability, 
dn your results? 

Each child 'should now look at 
hi^ or h^r data >and calculate 
the ave'rage of the 5 trials. 
The average can be tomputed by 
adding the "results and diyid- - 
ing by 5'. They^ should enter 
theii? average on the Works^heet 
and mark it;s position on th^ 
histogram. 



•How do the ave rages ' f oun d by 
the team members compare? 



Hbw could' you 
team ave^rage? 



determine the 



At -this point,-' the chijldren ^ 
can add their teammatei*s data* 
to their histograms,. Each one 
will then have teo sqia,^res 
shaded in. They shoul*d reoord 
the team average and "theh 
place a mark on theix com- 
bine d^h istogram indicating 
i ts pos i t i on . 



•Are all the team averages the 
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Averaging-- this i s^ another way.^ 
to describe the' data, ^long* 
wi,th the range and th^ frequen- 
cy distribution. * 



For thos-e children nbt adept at 
computing averages arithmeti- 
caliy,' they earn use the' histo- 
gram they have just constructed 
and use the piling-in technique 
As mentioned earlier, this 
technique was introduced i^ 
Minisequence VI of Grade 4 aihd 
referred to /Ln Minisequence I-I . 
However, it would be preferable 
at this point to have the chil- 
dren fonsider how to find the 
average ^ari thmetically because 
moving toward the center leads 
.only to integers , and greater 
accuracy, requires interpola- 
tion, an involved procedure. ' 

The average will be in the 
mi-dst of^their marked squares. 

^ C \ 

?&me may differ. In th% ex- 
ample above, team member A had 
an average of 4.4; tea^ member 
B had an average of 6.0/\ 

An easy wa?*^^o compute the te am 
average is for the children to 
add up all 10 trials of the twp 
members. The average' would be ' 
this total divided by 10. 
Ar iytihme tical ly , tfiis division 
is done simply by placing a 
decimal point one unit in from 
the right. In the example 
above, the total sample for 
the team shows ^2 points up; 
the team average is thus 5.2 
poirtts .up per spill of ,10 
tacks. If this sort o'f comgu-' 
tation fits in with your math- 
ematics program , encourage the 
children to compute , team aver- 
ages this way . ^ 

Probably^ no t . t Bu^ the Values 
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/ 



same*? 



What is the range ^in these 
averages? 



( • Are you any eioser. to saying 
how .a tack will pxobably 
land whe*n spilled out t>f* 
^ a 'ciip? . ' 




A plass histogram shoul d 
e "constructed now* ^This can 
be^dpne on. the chalkboard/ or 
each child can ^tJ- the^ addi- 
tional data to the histogram 
containing th'e team's data. 



What is the' most frequent 
value? 



ERLC 



. Ask the cla*ss to deter mine ^ 
overall class average . - * 

> • What? is the relatoE^on of the 
sample 'averages^ of the over- 
all average? 
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will b.e cToser totrether than the 
.individual averageip reported 
•earl ieif*. . ^ ' ' " 



In other words, th^ range W'ill 
b*e much ,s'mali<er. ' Since a^erag- 
■ing is. an evening teShnique, 
gr^e^ut^ differences in individual 
samples will disappear in 
averaging. This idea wa's, 
presented '^nd developed i'n 
■ Grade 3 . 

The chil*dren" ha^ve " al ready deter- 
m.ined the average number of 
points up for a spill of 10 
tacks Note that each team*s 
average , if divided by 10 again, 
(the^ number of tacks in each 
trial), represents the prob- 
9ibili ty or expectancy that a 
single tack will land point up. 
In the^exampfle above , the prob- ' 
abilitywould be 0.52. That 
is, we would expect pointy up 
about 52 times out of every 
ipo times a tack is dropped. 

The ciass histogram will r-epre- 
sent-a sample consisting of •3 0. 
ti^es 5 trials, assuming there 
are 30 children in the'group. 
In such a case, the^e 'woul.d be - 
approximately 150 squares 
shaded in, as shown on ^age 30L, 
His tograms ' for larger o'r smaller 
groups-would vary accordingly. 

The pqak of the histogram. In 
the^ 1 lus,trat ion ^ i t is at 6 
po^ts up per th'row of 10 
tacks . 

■ 



Sample averages (for 5 trials)' 
varied ab.ove and^ below -tlt^ 
overall^ class average; however, 
tbeir variability (range) w,as 
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• How would you now ^answer tl^e 
question as to how thumb- 
tacks Irfhd? ^ 



Is it now possibly, to tell 
for certain how a^'tack will 
nd, on the aver'age? 



• Did any tacks land on their- 
points? What is the/prob- 
ability of this occuTrring? 



Finally, reintroduce the ques- 
tion as to the population about 
which they have been trying 
to get information. In the 
_firs1: 'Activity, the population 
wa*s the bag^of marbles. They 
sampled i't' and then could 
check th e -flopulation by open- 
ing the bag. In the case of 
'throwing cubes, the Informa- 
tion they tried to get wis 
about. ^ii cube's. Th^re, be- 
cause pf the sy mme tri cal 
physical structure, they ^ 
could predict &nd then experi- ' 
mentally verify "its behavior. 
In this * Activity , the popula- 
tion is identified as all 
thumb taclcs . From it^ physical 
structure it is; too difficult 

should be-* 



tp predict* how it 
h'ave. ' yivart is why a large 
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less than thart of the averages' 
for a single trial. 

It is now clear that a thuiftbtack 
is- more likely t.d, land with its 
point up than on its side. For 
the data shown'-on>Jtage, 301 , the 
average turns out^po "be 6.6 
(a total of 982 poiavts ' up r 148 
trials) . This is a' probability 
of 0 . 66 . 



No, even thcrQgh a* great quantLty 
of data was collected, and the 
overall average is probably 
quite close to the true average 
for the tack "population"^ stjme 
variability still exists. The 
computed averages, however, 
w.il'l show less and less vari- 
ability as the sample size be- 
comes larger . 

Obviously, the probability is 
practically zero. It 'is un- 
likely that any will be ob- 
served, but -it ito worthwhile-^ 
discussing this /question. 



In some instances, a physical 
model -can be, constructed, but^ 
i ts^ complexity 'tnay be top • 

/great, thus making an^iy s is 
difficult. ^ - 
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sample of spills had to be 
an^lyze4 for one to infer ,.tha*t 
it is more prtfbable., but not 
certain, that a tack will land 
point up. 
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Activity 4 When Do Seeds Germinate? 



In this Activity the children are directed to the study of vari- 
able* events in pt>pulations of living things. ^ Earlier in the 
CpPES curriculum children were introduced to the concept of ex- 
pected variabi li"by ^_n^ najiure . In the present Activity this con- 
cept is reinforceBT; th^ chi Idren ' f ind variations in the 'time it 
takes a kind of^^eed of *a ' spe ci f i c population to germinate. TUe 
germination times are visually po'rtrayed in the form iff histo- 
grams whose characteristics are found to he similar for all sam- 
pies from the same population of seeds. The range, the peak 
value, and the average time for germination are^properties of 
the pop^ulation. Thus, two kinds^of seeds (different populations) 
with different peak germination times san be distinguished from 
one another by the shape of the histogram representing the fre- 
quency distribution of germination time?'. This is discovered 
when some' children investigate an apparently homogeneous popula- 
tion of seeds and discover that the resulting histogram has two 
peak germination times. They then infer -that their sample prob- - 
ably con-sists of^a combination of two different kinds pf seeds. • 
Th^us' the shape of a histograim can provide clues as to whether a * 
given sample jLs m^ide up of cas'es'^ f rom a single or from several 

■ . . . ■ ■ • k 

. • 1 ^. 



p opu 1 ati bns . 



MATERIALS AND EQUIPMENT: ^ 

Youwillneed: ' 

3 packets* each of seeds such as. radish or turnip^ and pop- 
corn or di^il, lettuce, etc. 

2 packets*^Q)f Forget-me-not seeds {Myosotis^ not Cynoglossum) 

1 packet* of Celosia s6e^ds * ^ / ^ ; 



3 or '4 plastic spoons (1 for ^each bag of seeds) 
Por4 plasticsafidwichbags ** » 

« • 

co^ntainers o£ water ' 
In addition, 'for each pair of children , *you will need: 
2 plastic sandwich bags or plastic wrap 

2 small 'dishes, 3- in . * to ^ 5-i n . ( 7 . 6 to 12.5-cm) diameter 
and 1/4-in. to 1/2 in. (0.8 cm to 1.3-cm) deep 




MINISEQUpNCEi^V/Activity 4 



10 paper towels 

1 medicine dropper • : * 
1^ pair of tweezers (optional) • 

* • 1' gopy of W^orksheet V-4 

2 sheets .of graph paper, 10 sq/in, 

*Note that seed packets contain widely differejit numbers of 
se5"ds. There .should be enough s.O; thajt each te^m of 2 children 
can ^tak-e. 100 seeds from one,'of the h^gs described under Prepara- 
tion for Teaching. ^ '-^ « 



PREPARATION FOR TEACHING: 

Mix^the packet of Ceiosia seeds with" the two packets of Forget- ' 
Ine-not seeds. Put this mixture in.. a plastic bag ^nd label it > 
with a letter such as "C." There-^are two varieties of seeds 
commonly sold as Forget-me-not. Yoy mus\ pbtain ^the one marked^ 
"Myosotis /' not " Cynoglo.ssum. " The first i^ also known as 
scorpion grass, the latter as hound's tongue. It is ^yosotis : ' 
which will have enough of a difference in peak of germination , ' 
times, compared with Celosia, so that a Bimodal histogram will' 
be obtained* The .Forget-me-nots are only about 50% viable and 
therefore 2 jackets of Forge t-me -no^ts are needed to 1 ^)acket of 
Ceiosia seeds. * . » . * • • - 

Transfer the seeds from the other .packets to separate plastic 
bags. Label these bags and the ^tJrresponding packet^ witfi other 
letters so that* yoii can idanti:^ the seeds later. I-t wouJd be 
best to include bpth a f^ast and a slow germinating seed. Radish 
and turnips are fast germinating; dill and popcorn are slower • 
germinating seeds. If you^^^re uns^ure of the germination time 
for the seeds you have,' set up a sample ^of. the seeds a week 
beforehand, just as the children will, and check the germination 
times yourself. Thus, what you should have when' you ha^e fin- 
-ished preparing the bags are: * . ^* * ' 



1. A ba^ containing 3 packet? o^ , say, radish seedt^* This bag 
might be labeled "A." 

2, A b^g containing 3 packets of, say; popcorn seeds, labeled 



t / 



3. A bag containing 2^ packets of Forget-me-nots and 1 packet of 
Ceiosia, labeled "C." Mix the.- seeds thoroughly. The mix- 
ture will appear homogenepu-s because these seeds are very 
similar in appearance. * * 

A. A bag containing 3 packets^^of, say, lettuce ^ seeds , labeled 



ERLC 



3X3 



305 



MlNISEQUENCE V/Activity. 4' 



There should be about the same number of seeds in each bag^ 
Place* each bag of seeds dn a different location to avoid getting 
them confused and provide spoons and small pieces of paper so ' 
that the* teams can take their samples • 



Put out the supplies of paper towels 
where the teams of children can help 

from which 



dishes , and 



containers with water, 
paper towels once t^iey 
pers are con^venient to 



thems el^s * 
the children can 



ALLOCATION OF TIME: 



are placed in the dishes, 
use for this purpose, 

r 



plastic bags 
Fill a few 

dampen the 
f^edici^j^ drop- 



Aboux: 2 hours, in all, will be hee ded -over^' a . per i od o f a week to 
complete the Activity^ 

If the seeds are started Monday morning, peaks^in germination 
will be observed from the first day after being set up (radish) 
to the fourth' day^ (popcorn or dill) but' the decrease on Saturday 
morning will not be observed. Therefore, the activity should 
be continued at home, ' . c > 



ERIC 



tIaching sequence 



1, Show the children the bags 
of s e^~ds • --^Ask wha/t they are 
arrd then what th^ do. 



• Do you thinK they will grow 
into different plants? 



• Will all the seeds sprout- 
that is, germinate? 



• Do you think there will be 
different germination times 
for the di f f e ren t s ee ds ? 
For the seeds in the same 
group? 
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Many children will surely 'recog- 
nize that the smaLl objects in 
the bags are s6eds ^nd are sure 
to suggest that they will grow 
into plants^if they are placed 
iiv the ground. * 

Since th'fe /se^s are of di^fe^- 
e n t s h ap e^s[, etc., it is more 
than likely that they will, 
(See Topic I, Activity .1, of • 
Grade ^ 2 • ) . « 

Probab.ly* not--onl]^ the living 
se^ds Will sp-rout,*as^*the chil- 
dr.en found in Grade 1 (T,opic I, 
Activity?)*^ 

Encourage discussion on this 
point by the 'children. In, 
Grade-l\ Topic IV,* Activity 4, 
ctiildren investigated germiria- 
ti'on times and found some v*ar*i- 
abilit'y within one type of seed 
and a good deal ..among different 
kinds -of seeds. Now they will 
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.Refer to the* groups pf 'seeds as 
samples "from populations oSi. 
particular see^s and suggesu; 
that^ using such sample?, the 
childifen inve5tigai:e the prop-, 
erty of germination time far 
these populations. ^ 

•In getting up y pur ,e xpe ti- " 
ments , would you want to 
'observe 'the, time it takes for 
<one seed to germina te ?.-- two 
seeds? 

Larger numbers of seed's will be 
nee,ded. The children can work 
m teants of two with each team 
^taking a sampie of 100 seeds, 
'from one of the larger ^sample's' 
of seed ^populations you ha\^e 
made^. available to t-hem. 



If necessary/ ^remind the chilr 
dren that the seeds can be 
made to start growing if they 
are placed, on tpp of moist pa- 
per towels. Show" them how xto 
do thist Fald a paper towel 

; to fit the. bottom of a dish. 
There should^^»be about 15 20 
laye^rs* Moisten ±he towel, put 
some seeds on it, and place the 
dish in /a plastic '*sandwich bag 
to keep^\;he towetl froifi drying 
oAit- •There should be an air 

^^pace between'^the seeds and the 
plastic. 
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pursue this in^ greater depth. 



By this^time, children should 
be reluct ant to base.* inference s 
about a population on in forma- 
tion derived f rom only a f eV 
membe rs . 



Plastic wrap may substitute for 
the plastic sandwich bags, Then^ 
bags -ne,ed not be com|>letely 
c los ed , 
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TEACHING SEQUENC 



Now point out' to the children 
the supplies of pap.er towels, 
dishes/. water', and plastic 
bags. Have each team select 
the particular seed it. will 
investigate. After -they pre- 
pare their dish and* have the 
towel moistened with water, 
they should get a supply of 
100 of the seeds. 



i 



Provide each team with a copy 
of Worksheet V-4 to be use4 to 
record the'^data. Each t^am 
should make a,, record of the 
bag from which they took their 
•seeds and of the tiffFfe (date and 
hour) when they set up their 
germinator. The children can 
also record the physical prop- 
erties of the seeds they se- 
(ected, such as comparative 
size, coior, shaped etc. This 
can be xyoted on tK^e Worksheet 
under "Comments . " \hey should 
then set the germinativng dishes 
aside in the classroom. 



/ 



2. As soon as some seeds -show 
s i gns o^^^^e r mina tion , 'dis cues 
this. wit h the ctfildren / As in 
Grade 1, a criterio"n for germ- 
ination will hav6 to be estab- 
lished. The seed will give 
evidence of starting to *grow-- 



\ 

If you Wish , 
Ac ti vi ty can 
small g^roups 
ing on iheir 
time s \ 
a few 

every * bag ao 
some data on^ 



this part of the 
be .conducted by 
of children work- 
own at various 
Be sure that at least 
teams select seeds* from 



t^hat 
each 



there 
one . 



will be 



They can use \hB spoons and 
small pieces o£ paper to bring 
the seed's over \o a work a^rea. 



Since direct sunlight 'is not 
conducive to seed growth, the 
children should keep their 
dishjss away *from the windows'. 
On the \f?orlcshee t*, suggest" that 
they include, infoirmation as to 
where the germinator was kept. 
Subsequently, interested chil- 
dren may wish to purs ue the ef- 
fect of varying amounts of 
light Ceven darkness), .and re- 
peat the investigation unde r 
different conditions. 

Some kinds'of seeds, such as 
raciish, should exhibit some 
germinations within one day. 
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MINISEQUENCE V/Activity 4 



TEACHING SEQUENCE 



that iS;. t6 germinate-'-when 
bit pf the -root tip appears- 



Why have only; some 
seeds germinated? 



kinds of' 



Starting with the first d^y 
that germination is observed, 
'a better -count of " the number 
germina te d /on each successive 
day can bfe made if the children 
remove the germinated seedts) 
from the dish as th^^y are 
counted. These sprouted seeds 
should be placed on moistened 
towels in another ^jdijsh where 
subsequent growth can be ob- 
served. Add 'the newly germi- 
nated seeds^ to this dish each 
day. 



/ 



3. After Jbhe " chi 1 dren have* 
obj^^erved their seeds for' 
severaL*days and recorded the 
number of new germinations 
each day, -•ha^e them report 
their result 



• ' COMME^ARY ; 

Some seeds may in terac t ' wi th the 
water, swell, and the seed coat^^ 
may crack, but it is' ohly-when ; 
the root tip appears that^w^ ca"n 
■"Say the seed is starting to"'" 
grow. ^ The o the r . obs e r ve d 
changes may not b,e precursors 
to growth . ^ * ^ 

Encourage their discussion. 
They may say that different 
types of seeds take differ'ent 
times to germinate. There are 
differences in behavior among 
different, populations* of seeds. 
Another answer might be that 
seeds of the' same kind show 
differences (variability) in 
their properties' just as other 
living things do'. 



3J0 



There may be interest .fn ob- 
serving the 'type of plant pro- 
duced from each groCip of seedq. 
Once the seeds have sprou1;ed 
sufficiently in' the second dis'h 
so that the children observe 
the type 'of structure emerging, 
they can plant the sprouts in 
cups containing a b-i t of so^l. 

The completed Worksheet on 
page 311 show?' an ' example of 
data taken on radisli s'ee/is . 
For the seeds showing long 
ge rminating- times you may want 
to have 'the children take their 
germinators /ind their Work- 
sheets home t-o continue taking 
data on the weekend. 
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WORKSHEET V-4 ' Name : STUART 
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MINISEQUENCE .17/Agtivity *4 



/ TEACHING SEQUENCE* 




ERIC 



children have not 
so, s ugge s t that 



TheAi, if the 
ai-ready done 

tTifey s^t up a histogram of 'the 
germination times foif the sam- 
rles of jSeeds they are inve's- 
:iga ting . '^^ 

Give each child a sheet of 
graph paper. 



-Set up with the class the two 
axes on the graph. Be sure 
they see the similarity to the 
histograms they have been 
making, ^he base line now is" 
marked off in increments of 
time (days) it ferook for germin- 



ation to start. 



The vertical 



axis represents how jnany seeds 
showed signs of germinatipn on 
that particjilar day. In the 
example illustrated on radish 
seeds, 52 se^ds germinated 
the first day* and 38 on the 
second, A histogram of the 
radish data is shown on page 



Discuss the different histo- 
grams that "the chilc^ren con- 
structecl from their data. 



• On what day did n\ost hew ^ 
o^rmi nations appear ? 'What 
is the most frequent valu^? 



312 ' ^ 



COMMENTARY ' 



It may be wise /to make a histo- 
gram on Friday /of data then 
available. It/can be updated 
and completed /the' following Mon~ 
day. / 

Paper containing 10 squares per 
inch is suggested for this 
ActiVity be/cause of the large 
number of seeds that must be > 
represen t^^d " on th^ vertical 
axis • / ' i 



Thei^/ 2arlier histograms had 
axe^ marked off -in i^fjfKf|>e r^ ^ 
which could* show up on the 
face ) of a c^ibe or Ln the 
number of points up f^V^ 10) 
that "occurred whePh a grcfup of 
tacks was Spilled'. 



The germination time of another 
seed--popcorn--is also illus- 
trated, on page 314, For thi^ 
seed,' a different-shaped histo- 
grajn isobjiained. 



Those teams having samples ffom 
different populations--for in- 
stance , radi s h and popc6rn--wi 1 1 * 
see a peak in gerjnination on, ^ 
'differe'nt days^; those obseifving - * 
samples-from the sam^ groii^ will . 
probably see a peak on the same . 
det^T^'-provided the surrounding 
conditions (light, mdi s ture , 
dtc, ) ^^X^^ot tob'^.'dif f erent 
(Juoi^^g^ tWeix^ observation periods, 
The^ntpst ftequent value--the 
"peak^ on t,he his to'gram<--is ^ . ^ 
called the^ inider 
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MIN-ISEQUENCE V/Activity 4 



\ 



TEACHING SEQUENCE 



• If^^ypu too)c another ^ sample 
from the same, population, 
what would you predict for 
the peak germination time? 

Choose some of the histogi?ams 
from different teams to show 
to the class. 



•How do the histograms for the 
same kind seed compare* 
generally? 

• How do the histogram.s dof dif- 
ferent seeds compare? 



Have th^^children report on 
the ran^e in .germination times, 
they ^observed. Did seeds ^rom 
the same population behave 
simi lar ly ? . . ^ ' ^ 

•What is the average .t^iitie of 
^e rm*i nation for^each sample 
of seeds?* 



• Suppose you had taken only a 
few sQetds , ^5 for instance, 
Would you have confidence 



COMMENTARY 



The t^ams which investigated 
tbe apparently homogeneous 
"population" in Bag C may or 
may not .raise questiqns, at 
this point, -about the^lack.of 
a single peak on thei^r -graphs. 
If they do, accept their ques- 
tions, admit that their obser- 
vations are puzzling, but pro- 
vidB' no 'explanation. 

TheW sl:>ouJLd expec.t the peak to. 
occur at the same, number of 
days from the start--if all 
conditions are the same. 

Do not pick the graphs from the' 
*teams that had the mixture of 
Ceiosia and Forget-me-not seeds 
i.e., the graphs with two peaks 

They -^hould be simi^laor but 
^^ner a 1 ly not i dentica T,* 



They may be^ very difterent, not 
vonly as to trhe \iay of peak . 
germination, but 'also as to the 
va lue at the peak and to the 
range of days, for germination.^ 
Ali these j)roperties can be 
discussed in connection with 
the histograms prepared by the 
Children. 




Since the^ra^ge in Bia^y<in- 
stances is short, ^the average 
will probabl^^^^e near, the' high- 
est point; on the frequency 
distri bunion portrayed in the 
his togram . '* * / * . ' 

-*>■ 

Sdm^ seeds did not germinate at 
all and^ some took longer times 
than others. The five 'selected. 
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MINISEQUENCE V/ Activity 4 



TEACHING SEQUENCE 



By now the children should see 
that in- studying populations 
they "must investigcite as large, 
a sample ^'s is prac1:ix:able , 
since they must expect some 
variations in resul^.' .Ask 
them i^ it would be acceptab-l§ 
to combinp sets of data, as 
they hVve done in the previous 



Act 1 VI ties, to 
size. Perhaps 
make even more 
dictions about 
time • 



increase sample 
they could then 
confident, pre- 
ge rmi nation 



•But what about combining the 
data from different popula- 
tions? Would useful infor- 
mation be 0'b€ained? 



Exhibit two histograms of seecJs 
with ve ry , di f f e re nt peak germ- 
ination times, such as radish 
or turriip and dili or pgpcbrn. 
Combine the data and- make a 
histogram on the cKalkboard pr 
have the children combine them 
and* plot the histogram on a 
f,resh sheet of tgraph paper. 



The children should see that 
such a comjDination gives a 
histo'gram witR two peaks. An 

'^a^verage germination time would 
ma^n littlev^or such data 
since there would 'actually be 

•two ave;:age germi^iation times', 
one fpr each type^ of seed. 



316 



COMMENTARY 



might have included these seeds 
Thus- th^y might have concluded, 
er r oneous ly ei the r that the 
seeds can'not*' germinate at all 
or that they take a 4ery long 
time to germinate. 



"^iscussiSn should bring out 
that it would be acceptable to» 
combine se'ts of^ data from teams 
who used the same kind of seedg 
that is, seeds from the same 
bag. ' 



Let the children discu^ss tjiis 
problem. After they speculate 
about it, if a child has not 
already suggested it, combine 
some typical data. 



\ 



A Qpmbined histogram for radish 
and, popcorn seeds is shown on 
page 317." 



^5^ch a histogram is referred to- 
^ ^fe bimodal . 

Similarly, th'e range •of germin- 
ation times for a mixture has 
little meaning because there 
are 2' different ranges, one for 
each population. Thus, when 
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MINISEQUENCE V/Activity' 4 



ERIC 



TEACHING SEQUENCE 



As- the children discuss this 
histogram/, ask how many popu- 
lations are represented in it.» 
Discussion should bring out 
the idea that the histograms 
with one peak' represent data 
on Single populations of 
seeds^-radish seeds or dill 
seeds or turnip seeds, etc.-- 
but the combined histogram 
exhibiting two peaks represents 
two populations of seeds, each 
with its own peak germination 
time . 

4. At some point, those chil- 
dren who investigated the mixed 
Celosia and Forget-me-not seeds 
should begin to raise persis- 
tent questions about their ownr 
histograms. Ask theiri to sHare 
their results with thp group. 




COMMENTARY 



trying to get a better estimate 
of the average or range of a 
population, it^is important to 
be certain you are dealing with 
a single^population. Each 
population has its own average 
and range. This is really the- 
meaning of the terjn "population" 
as used by scientis-ts. 



A histogram of the data col- 
lected 9n this mixture is il- 
lustrated below. Display such 
graphs for the entire group to 
observe. 



What do you notice* about the 
histograms of ge rfiii nation 
times for the seeds in Rag C? 



• Why do you think these his- 
tograms have two peaks? 



The histograms will be bimodal, 
just like thos^ which they just 
constructed (although the two 
peaks will not occur on the same 
days of have the same values).* 

The children should come up 
with the idea that there were 
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MINISEQUENCE V/Activity 4 



TEACHING SEQUENCE 



How could you verify tfie 
^hypothesis that there are 
really two kinds of seeds 
Bag C? 



in 



Supprose you were investigat- 
ing a group of objects' that 
you suspected might really. be 
populations , 
go about find- 



two different 
How would you 
ing out? 



?OMMENTA*RY 



two different kinds* of seeds in 
Bag C, despite^ their similar 
appearance . Qf course^, there 
is some overlap on the histo- 
grams.. Although"^ the average 
time for the germination o f 
populatio'n 1 is 2 days and the 
average time for the germina- 
^tion of population 2^ is 4 days , 
"a few. seeds from population 2 
must 'have germinated by the 2nd 
day 'and a few from population 
1 must ha ve *f erminated on the 
4th day* 

They could verify it be letting 
the tiny seedlings develop far 
enough to see the ^ di f f er en ce s 
ix^ the plants which fotm- En- 
courage the ^children to follow 

^through 'with such a procedure. 

.At that point, you might Iden-' 
tify the seeds that-were in 
the mixture* (See Extended 
Experiences fpr another veri- 
fication procedure.) 

. . c 

Make a histogram o'f data, o^n the 
group and see if it contained - 
two peaks. ^This illustrates 
the use of a statistical pro*- 
cedure^' to find out somei&h'ing 
about a set of^ data^- When a 
histogram f'or a certain 'mea- 
surement on a population shows 
two. or, more 'peaks ; a factor cah 
.usually be found whi'ch accounts 
for the shape. ^ Here the factor 
was that two di fferent^ kinds of 
seeds were mixed. As another 
example; a histogram. of trflfe ' 
height of ad-ult Americans would, 
also show, two p/aks. The fac- 
tor underlying this is the dif- 
ferences in height of men and 



women . 
tend to 



Woman , on the 



average 



be shbrter than men, 



The children m^y find that , 
certain varieties of lettuce 
seeds show^ 2 peaks. Is this 
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MINlSEQUEllCE vActlvity 4 



TEACHING SEQUfiNCE 



^11 thesg.^-^'bbservations point 
up the ^Hise of statistical data 
i^^ s tddy ing. samples from ap-- 
par (gVtly homogeneous p op u 1 ac- 
tions. Alfhough indivi'dual 
deviations occur (vety short 
or long ge rihinati ons ) , the 
peak or most probable time for 
germination can be confidently 
used for prediction with res- 
pect to the total population . 
even when t'he total cannot be * 
tested. 



COMMENTARY 



characteristic of' lettuce or 
doe's the pacH^ge con tairT^wo 
varieties? Perh,aps letting it 
grow to maturity will answex 
the (^ues tion , but the sliape of 
the histogram will raise the 
t^ues tion . * * * 

Of course, apparent Homogeneity 
comes from observing that the 
seeds have the same size/- shape 
etc. That populations differ 
with respect to germination 
time is a reason that the latte 
is usually considered a more 
important property of tlje seeds 
than their outward appe~axance. 



"EXTENDED EXPERIENCES 



1. Children can investigate the various factors which may af- 
fect the range and average time for ge.rmination o'f ^di f f elreri t ' 
seeds. They can set up sa-hiples from a packet of seeds under 
varying li^ght -conditions,' (light versus dark); or the effects 
of different colors of light (using colored transparent plastic 
or ce 1 lophanes )", the effect of Catering e tc . Thys^'^^f^e of 
investigation is highly suitable to individual in've ?ti g^ti ons , 
either at school or at home. In all instances; tihey sho\ild take 



their data on 
statistically 



a large 
sound. 



enough sample so as to make 



the j-r 



results 



2. Those children who had ^er-minated the mixed populations of 
•seeds may want tp get the' data on the individual populations and 
then combine the data on a histogram to see if it looks like the 
one they obtained of the mixture^. If it does , this mi gh t^ also 
verify th^t it was a mixture. « ' . . 



3. Many commercial seeds are really mixtures, such ^s^some. 
grass seeds. Children mighty take ge rmina ti on- time data on sam- 
ples to see if a histogram will conf'^Lrm this^ ^Sometimes, over* 
lap o^f the barS' obscures th6 separate peaks, l^owever'. 
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Activity 5 How Do Chemicafs Affect Germfi^^ 




Wi>at factors^ influence the germination of a seed? in the pre- 
vious AQtivity the children foun^ that they were able to grow, 
most of the. see^s unde^ moist conditions; some (may have investi- 
gated other variable factors, such as the preseWe or absence of 
lights They also observed variability in that leeds within a 
given population germinated at different times\J 



in Activity 5, the children investigate the influence of a chem- 
ical on the germination of one population of seeds, -^he chil- 
dren subject a small sample to specific, but different concen- 
trations of copper sulfat,e soJ.ution and measure the number of* 
germinations which ocrfur at each concentration. Because of the 
^variability of seeds, the results of any one team's experiment 
'may not reveal the ' influence — the data will be too scattered. 
It is only when the sample is enlarged to include the data 
gathered by t*he entire class, and the averag'e' humber of germir^c 
tions is 'calculated^^9^ each concentration of chemical, that, 
meaningful relationship emerges. tbe * Averages , when plotted 
^gainst concentration pf copper ^sulfate op a coordinate graph,- 
Vield a trend-line or curve which shows that ^nhibiti-on tof 
germLnation i^ncreases with- the cbncen tr ation of chemical. The. 
"scatter"^ or deviation of the data frd^ the general trend isj 
seen to result from the characteristic variability of the seeds 
and from expected experimen\:al variations. Thi^ concept is ap- 
plicable to any statistically variable measurement when investi- 
gating the effect of imposed factors on a property, • Averages of 
severaj. measur ements^tpr ovide more reliable results than the ^ 
individual measurement and such averaged data will "fit" on a 
smooth trend-line or curve wherever inidividual values will not. 



MATERIALS AND EQUIPMENT: 



For* the class 



8 jars, 1-pint (500-ml), transparent, preferably identical . 
suiply of water • ^ - 



1 piiece of white papar 

1 stirrer, e,g,, .glass rod 

1' marking crayon or -fe it- tipped pen 



V 
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MINISEQUENCE V/Activity 5 

.copper sulfate, blue hydrated crystals, about 45 g * 

For each *te.ain of three or four children:' , *. 

.1 plastic .ice cube ti/ay, wi'th separat'e molded compartments, 
or mol4ed plastic egg carton 

90 seeds', to be selected from one of the populations studied 
in AdtiVity 4 • 



scissors 



paper 'towels 
I 

^9 cups/ 1-oz (30-ml), waxed paper or plastic 

plastic wrap (enough to cover the tray) ^ 

3-4 - pieces of paper for' carryi^ng se^eds ^ 

magnifier (optional) - * ^ ' . 

1 Worksheet V-5 ' " 

For ,each child: > \ ^' , 

' ' ' . ' ! » 

1 ' medicine dropper ' . 

1 pieca of graph paper, 1 s"q/in. (1 sq/cm) . 

1 colored' cf-^yon or pencil 

PREPARATION .FOR " TEACHING : ' 

s 

The etitire class should investigate thie behavior of the same 
kind of sejiPdi each team need not pe^rform the experiment *at the 

same time.^ *Som*^ may want to t^e the tra^ys home to watch 'the^ ^ 
developing seed^. Discussion on the aqcumulated data, however^, 
should.be doAe with the group as a whole. * 

Select ^ seed, such as radish, for which the children collected^ 
d^jta dm, Activity 4. If you select a seed which takes a long* 
time before its germination peaks, there- is a possibility that 
mold will form, depending on the source of your seeds a,nd the 
condition of the containers. In general, however, copper sul- 
fate will inhibit mold formatio^i ^as well as germination of the 
seeds.*, 

4 - 

• * ' * t - 

Si'nce it' takes time, even with stirring, for the 45 g of copper 
sulfate to dissolve completely you may want to initiate • the 
Activity and prepare the solution in front of the children early 
in the day. The diluti9n series^ can then be done later in vthe 
day. In the interim they can be preparing the tray^with ^the 
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paper toweling and counting out the 
> wait so long-T^use *hot water 



not to 



MINISEQUENCE V/Activity 5 



seeds. ^ If you would prefer' 
to make the solution. 



Label each of tY}e pint jars with a number, 1' through 9. You 
should have a mark on e^ch jar that indicates wh^ere it is half- 
filled.* If it is a straight-sided jar, measure tbe height with, 
a ruler and put. a crayon or felt-tipped-pen mark h.alfway up. 
Then, assuming all the jars are TFie same, put a si'piilai- line in 
the same position' on the others. (You may substitute 8 jars of 
another capa*city, if thdt is more convenient. If %o , alter your 
.requirements for 'copper sulfate accordingly.) You'jnight want to 
enlist the help of chi^ldyen in pr^e-marking- the jarsi 

H^ve the materials needed by each team available for- the chil- 
dren to help themselves. Put the seeds out in; a <sma^l 1 ^'j ar , with 
a plastic spoon as a dispensed. Finally, pret)are sufficient 
copies 'of Worksheet 



ALLOCATION OF TIME: 

The children will need about 1-1/2 to 2 h'ours , over a period of 
several days-, to complete this Activityi. 



\ 



. TEACHING . SEQUENCE 



1. ^ Review with the cl^ss what 
they learned about germinating 
seeds in' the previous Activity, 



] 



y 



( 

COMMENTARY 



Encourage the children' s resr 
ponses. . B^e sure these include 
the observation that put of a 
sample of 100 seeds' not all 
seeds getminated-- that they 
could not predict wh,ich se'^ed 
wouldJ germinate, and that, al- , 
though more than one team jpay 
have in ves tigefted the same 
population of seeds, the exact 
number of seeds th*a^t germinated 
varied. Thus, they cotuld con- 
clude that there is variability 
in seeds . However, the shape 
of the his togram of germinating 
times was similar for^seeds 
coming from the same popuTation, 



but differed 
populations . 
jor i<Jea was 
his togram (bimoda 1) 
that there 'might be 
tions of seeds . ) 
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for di f f eren t 

(Of course a ma- 
that a two-peaked 
indicated 
two popula- 
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MINISEQUENCE V/ACJtivity 5 



TEACHING sequence; 

•What factors are necessary 
for germination*? 



• Is water neces^sary ^or germ- 
ination? ' ^ . * 



How do you^sthink germination 
of the seeds wo-uld be af- 
fected if a substance were 
dissolved in the water? Do 
you think the amount of the 
substance dissolved would 
make a difference? 



Show the .class the copper sul- 
f-ate, identify it, 'and tell 
'theip that tJiis is a chemical 
whose af,fect on germination 
they can inves tigja te , BAit ' 
first thay ha^e to make up 
some solutions of the copper 
sulf ate , "each with a different 
amoui'iL of the substance in a 
anit of volume. Then, instead 
6f keeping track of the number 
of seeds which germinate* each 
d"ay, they are going to count 
how many ^se6ds .can germinate, 
on towels moistened v'ith the • 
different solutions.. That is, 
they will try to- find out if 
and- how the concentration of 
the chemical affects germina- 
t J^on . 



COMMENTARY 



If any of ;the chlldren^'s t Jdi^d - 
the effect of di f f ^ r ent^ f ac t or s • 
on the number of seeSs, which 
.could ge rmina te , haote^them re- N 
port theit results^ Some may 
mention this presence or al^sence 
of light. J ' 

Evidently s^'> because when the 
geeds were dry-^ they didn't 
ge rmina te . 

9 

The ahildren m^y rightly sur-: 
mise' that the effect would be 
a,t least partly determined by 
the kind of ^ulSstance it was. 
Some may ' think " germination ^ould 
be speededvup and others that, 
it would be slowed down by dif- 
ference amounts. 

Copper sulfate^will be used 
again, exta^ively, in Grade 6, 
where the cH\ld^en will try to 
find what s true tural ' uni ts -make 
It up. ^ It is not referred* 
to as copper sulfate there, but 
as blue vitrioT. If the present 
group of children will be going 
on with Grade 6* of COPES, you 
may want to refer _^to the sub- 
stance as blue vitriol here. 

The vardable investigated in 
Activi^ty 4 was time for germina- 
tion. Children observed that 
seeds geritflnated at differ^n-t 
times*--some on the fi rs t day , 
some o'n th6 second, etc. * In 
tflie present Ac tivi ty , * the chil- 
dren measure the totaL number 
of Seeds which germinate. How- 
ever, thpy will put on'each set 
pf germinating seeds a solution' 
of copper sulfate of different 
but known concentrations.. Thus 
they will be trying to obtain 
information on how different 
concentrations of .copper sul- ^, 
fate 'affect the germination of 
seeds. • * 
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TEACHING SEQUENCE 



Fill'a sm^ll 1-oz cup with cbp- 
' per sulfate crystals-' This 
^will amount to about 45 g. 
(The exact amount is not impor- 
tant.) Then fill jar number 1" 
with water, add t4je copper 
sulfate, and stir pntil it is~ 
all dissolved. 



2. Put the.7 othfer pint jars-, . 
in order, where al\L tl^e chil- 
dren can easily se^them-. 
•phere should be a row of s' jars 
with the filled jar (1) of cop- 
per sulfate solution at ^he 
beginning of the row. 



Focus the ch 
.on jar 2 and 
iri.g problem 
s ide r : 



can I ma 
kar " 2 'th'a 




ren ' s attention 
e the fol-low- 
theiti to con- » 

e a '^^vOi'uti^ 
will b4 half^^^ . 



as/*concent^aJted as t-ha^/iil 

After they h^^^ad a'Ch%jice t© 
discuss the ques.t ion**' (soAle may 
want to fill ja^2 with water*' 
and -add half ofvhe 1-oz cup 
of copper sulfate to it) , -pour 
half of the solution in jar 1« 
into jar ' 2--t.that is, until the 
liquid^ come-^ up to the halfway 
jpark. Show both solutions to ^ 
the class, holding a piece of 
white paper behin-d 
improve visibility 
of the solutions. 



MINISEQUENCE V/Activity 5 



the jars to 
of the color 



How do the^solutions 
in color? 



compare 



COMMENTARY 



As mentioned in the Pr^par^tio 
for Teachi^ng, it may^take.a 
the crystals 




While for all 

_^s'solv«. But ^the chi'ld-rej)^ 
shou'J.d observe the inttX^ah^plxj^'- 
tipn' being prepared. Tho^pifo-'' 
ceed"^^ the dilution sc^^es . 
and setting u^ oft the g^erminat- 
ing trays later" in ^thajJ^ine day . 

In this Sectioi^ of ||O^A^ ti vi ty 
a dilution series o^^cdl^|>er sul- 
fate^ solutions is 
of/ the 8 j^'rs wi 11« *c<!j^ta'^.i 
th« concentration of .'CQpp'^ 
fiate; in t^e pre* c'eding *jaL 
the chdiaVen alreacfo/'h^ve 'a^ 
under5t^-nding,of s^ch ^i^ation^ ^i* 
you ^an j^roceed with t^^^ra^^' 
rapidly^ Otherwise'^ -^akB eack 
step slowly. Ijt is important 
the chi Idren realiz^e that 
an equal volume of »water 
ded to one solution, the 
Ived copper, sulfate ^spreads* 
thiNj^ghout the total liquid and 
^an'y sample from it woul^ be 
half^as oonceTi tra-ted as thd 
solU'tipn was. befoire water ^as^ 
add^^T Although they may .not 
see 'thO=>l\e^ qolor op the 'copr- : 
per sm^te:in the final mem- j 
lfer,(i) o'f^the series, if they 
have^^.poured -in a portion of> the 
pre<j:e'dirfg*' soluti^)ri and 'di luted 
^ t^ ^t^'can Jie .inferred tha.t' the 
aopp^r sulfa'te*. is ^still there 
and stiij. at half* ^he poncen- 
tration^ The"^ graduation in blue 
cqloj^^MT tl^je * mere conceri t^a^ajte d 
solutii^ns should be eviden^ce 
for/Oie. children tha^t ^the" con- 
centration ^ is becoming less' and 
lesis.^ Coh<^entratioa is defined 
as phe amount of material., here 
coppeV sulfate-, in a 'unit volume 
of' liqui^i, 




V 



^that 
when' 

disl^ 





j ars 'are alike , 
lution^ will 
Of course , 



if 



i I 

I 
1 

the coljojfj 
appear j 
one j 
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T?*C^ING ^EQUENCE 



-/ 

/ 

/ f 



r 



r 



•How much soluti'on is in each 
jar? 



• If all the liquid' dri^d up.,' 
^how much copper sulfate^ 
would there be in each jJir? 




I^ow add water to jar 2 until 
the jar is full. 

• IS there any di-f^rence now 
in the *amoui/t of ci>^gpe^ sul- 
fate in* ea^ch jar? 
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COMMENTARY 



jar IS narrower, then the so2^u- 
tionVill appear lighter in 
color since -the^hildr^n wTl^ 
be observing through ^ thiniier 
portion of solution. 

(In earlier Grades, ^the children 
developed an understanding^^f 
conservation of volume by pour- 
ing liquids into different 
shaded vesse Is . ^s the same 
liquid was poUred/ it was under- » 
stood that there ^as not change 
in the amount of / liquid. Srm-i— 
rarly, the children kept trap^' 
of the amounts of liquid by 
me^PSuring volumes. Here we are 
keeping track, pot by adding 
volumes, but by halving them.) * 

Since the soluftion was divided 
in half., each/jar contains the 
same amount--nalf 6f 'tlie origi- 
nalsolution^ \ ^ 

It'j.s import^ant H:hat the chil- 
dren also understand that each- 
jar contains the^ same ajmoAant of 
copper sulfate. On drying, ^\ 
each jar would be seen to fiave 
half of tne- original cu^ o!f 
feopper sulfate in it . 



a amount \of copper sulfate ^is\ 
li ^he • siame . 'None was taken 
. /of-cojurse, sojne children' 
might/ respond- that there is 
less /because' it ^h as been ditLuted 
yp^tw water. »That would be true 
if we compared equal-size sam- 
ple's removed , from eadh jar^ 
Th6 sample frdfe *jar 2 would 
contain less copger sulfate 
pjer^unit volume than the sample 

rom jar l--in' fact, 1/2 as /. • 
/much. But the question here a 
concerns the' total amount of I 



copper sulfate in each jar;. 
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TEACHING S.EQUENCE 



-^How do the two solutions 
compare in color? 



;Help the chfl^Jren to reald:ize\- 
%hat in jar 2 the copper* sd^- 

fate has^ been* spread out \ \ 

thrdugh liquid. It is 

dilute solution. 



a more- 



Now pour half trie solutioj> 
from jar 2 into jar 3. Again 
compare t,he color of the solu- 



tion al 
sulf j«/e 



;he amoun«t of- copper 
'^^each jar. 



"l^'dd watpr td .jar 3 until it is 
ful'l. How db thg colors of 
,the two solutions compa^re 'n o v^?» - 

• How does 'thV concentration of 
coTpper sulfate in the solu- 
tion in jar 3 compare with 
that, in jar' 2? 

Continue thi s procedure and 
line tof questioning until you 
have ijoured from jat^-^'into 
jar 8.\ (In order to have all 
the jats only fialf ^ull, you " 
migh t . fcour out and discard 
half ^ofl the solufciTon in jar 8.) 
Now. you^ have 8 jars, each with 
a decreasing concentration ^of 
copper sulfate. 'As the jars 
are lines**up, a gradation in 



COMMENTARY 



This is an, important idea axyd 
thf^^iUliJUir^n should not b§ rush- 
ed through 'It. 

The children will observe tha^t 
the liquid in jar 2 appears 
lighter in color. Since the 
dissolved^ material^ is blue, the 
color of the solution indl\:ates 
not only the presence of the 
substance but differences in 
concentration as wellv, * 

If you have not aire ajiy done 
so, you might introduce tne 
term conc^ntratidn here. Refer, 
to the copper sulfate solution ' 
in jar' 2 as liaving half the con- 
centration of^that in jar 1. 
^Conversely., the; concantra tion ' 
•in jar 1 is twicT^ that in jar 
2. 

The p-r^marked, ^half-volume 
^line shOul4 facilitate th'is 
'operation. The solutions should 
be the ^me color and, again, 
thei-e^ are equal ^^mounts in both 
jars. Thf soluticSft was-^era'ly 
divided i,n,two equal parts. ^ 

The solution in jar 3 should 
now be lighter»iri color. 

Th olution 'in jar 3 is half 
the concen tratior^ of the one in 
j ar 2 . 



By this time 
solution may 



color of the. 
be quite faint. 
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TEACHING SEQUENCE 



' color of the solutions should 
be clear ly noticeably. 

Again, ask the children to 
compcire the concentration of 
copper sulfate in th,e different 
jars. 



3. The children are now ready 
to see how many seeds -can 
germinate on towels moistened 
with the differe.nt copper sul- 
fate solutions. For this. part 
of the A.cti'vity, divide the 
class into, ten teams . Ha ve ~ 
each team get its plastic ice 
cube trayVand a supply of pam- 
per toweisj to make a seed 
germinator. They -should, plac^ 
aboutt 15 ^layers oi pap^r , towel' 
ing in the bottd% of each -com- 
partment. Then they should 

328 s ' . " . \ 



COMMENTARY 



From the dilution operation, 
the children should. conclude 
thaLt the concentrati in each 
su^eeding jar is half the con- 
centration, of the' one before it. 
A comparison of the concenti^a- 
tions in tUis series would be:. 



jar 


1 


original solution, call 
ii^s concentration A. 


jar 


2 


1/2 A . . 


jar 


3 


- 1/4 A 


jar 


4 


1/8 ■ ■ > 


jar 


5 


1/16 A 

♦ 1 


jar 


6 


1/32 A 


jar 


7 


1/64 -A 


jaT 


8 


1/128 A , 



Note that since all dilutions^ 
were 'made from the original 
solution in jar 1, it doesn't 
matter how much copper sulfate 
is dissolved in i.t , brily^^h^t 
eacfi successive jar* has 1/2 
the cqncentr astion of the one 
before it. • 

«v ^ . 

Each team., as poted in the ^ 
Matbjrials and Equipment list, „ 
will work with , one plastic 'ice 
(A molded plastic 
in adequate sub- 
^hey will place 10 
;h compartment. , It 
ided thart th^ ^tal 
(ss be ^100 seeds per 
Therefore , the 
class sho'^uld be (divided into \ 
Itt'^working teams. -If 'thi^^.is 
not possible , (if you cjjn^iot ^ 
g«t 10 trays); then each te^m 



cube tray 
egg box is 
s titute . ) 
seeds in »e< 
is recommei 
for -the. c Ic 
compar €meni 
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TEACHING sequence"' 



get nine 1-oz cups, and mark 8 
of them* to correspond . to each 
of the jars. The team mem- 
bers can share the. responsi- 
'bility of obtaining a sample 
of solutipn from each of the 
eight jars in the appropriate- 
ly numbered cup and a sample 
of plain water in the ninth 
cup. If they pour about 1/2 
a cupful into each one, that 
will be quite sufficient. 
Hav^e them line up the cups*^ in 
sequence . 



COMMEWTA-Rl 



should i^nvestigate more seeds 
in each compartment "^so that the 
total for thee class will still 
be 100. For instance, if five 
teams are formed, 20 seeds 
'should be ^placed in each com- * 
partme'nt . 

They will be settling t*he tray 
up s"o that eadh compartment, . 
which is physically separated ^ 
from i-ts neighbor, wilj be \ 
saturated with a different solV 
tion. The same number of seeds 
should be placed in each comr- 
partment . ^ 

The ninth cup' can be marked 
with a "C" (for control) or^'-'W" 
for water. The important idea 
behind the use of a contrbl in 
uch an investigation has been 
dealt^with in several Activities 
of COPES. If the children do v 
not suggest ti\e need for a con- 
trol compartmen.t of the ^tray-- - 
where tjj^e^ e xper ime n taj/condi- 
tions '^r^^ identi^:.a^r'"e^ for 
the' absence'*of^^e yai^able 
und^r investigation-- tal^e the 
time J;o dev^op . tha idea witli' 
leading jj^^estioas , such as, how 
will you be able t.o tell .that 
any observed effects on gertn-in- 
ation would not be obtained with 
w^ter alone? 



Caiition the chilcjren t>iat in 
working with copper sulfate',' 
they muSct not let it come in 
c5*ontact with tiheir skin.' It 
can be handled v^ry safe.ly by * 
^sl"ng the droppers and keeping . 
it 'in the cups. Cautio***^ them" 
not to "poke^-witb tl^ir* fin- 
gers at the toyeling in^ the 
trays after it is sa^tura'ted with 
the, solutions. Th0y**can ' us.e . a 
dropper or' w.ood splint if they 
want to mov^ the s-eeds about. 
Wi-pe up any spills with' toweiiag 
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TEACHING SEQUENCE 



•As -you look down oA the 

series of solutions, what do 
yoti observe? 



Before 



they 
partment with 
tions', be 



saturate each coia- 
one of the soJ.u- 
sure they put num- • 
bers on the ^tray to identify 
vihich ' co'mpartmen t gets which 
solution, and which gets plain 
water. 



en each child should take a 
.medicin.e dropper, and st<§rting 
w.ith "the more dilute solution, 
saturate the corresponding ^ 
compartment with it/ Three or 
4 droppersful of solution 
should be sufficient. , Whatever 
' is heeded,* the same amount of 
lijquid should be pla^ced in each* 
compartment •r Be'fore the- child ^ 
takes the next more' concen- 
t»rated solution ba sure the , 
dropper has expelled all the 
liquid possible* Then , in- 
stead of rinsing with waterv 
(which vrould dilute the'solu- 
tion) , he or she, should sug^k 
up some of the more concen- 
trated solution and let it^o 
back into the cup. In this 
way, the child is rinsing the, 
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rins^g 



COMMENTARY 



'and discard it. ' , 

A definite gradation in color--- 
reflecting t)^ difference in 
copper sulfate concentration 
from cu^ 1 to cup 8.^ (The 



solution iij cup 
colorless since 
injg such a 'small 
tion . ) » It might 
it this point to 
questioning abou 
f erence in cci^ 
between each of 



may appear 
ne is observ-: 
amount of soJ.u- 
e desirable 
epeat the 
What the dif- 
tration is 
the samples to 



emphasize the point that each 
successiye solUit^Lon still has 
1/2 the concentration of the 
one before it. , Whether the 
solution is in a 16-oz jar or 
in a l-'oz cup, the concentra- 
tion is the same . ^ 



Each child. in^ the 
responsible for a 
compartments: 



team can b-e 
fe.w of the 



It is a^afer in this experiment, 
to "contaminate" the morp. con- 
centra ted -solutions with the, 
lesser ones, than the ^ other, way* , 
aroulid. 



In taking 'droppers ful , uhe the 
technique described in Mini- 
sequence III to insure that 'the 
s am'e amount is expel le d e ach 
.time. The exact ampunt needed 
in all will depe-rid on the .kind 
and'- amount^ of towelin-g used. . 
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TEACHING SEQUENCE 



walls of the dropper with the 
solution to be used. In the 
case of the plain wate r l^^felrinse 
the dropper with water -before 
"taking the 3 droppersful. 



COMMENTARY- 




Next, each team should- get a 
^supply of 100 seeds • (The com- 
bined class data should be for 
100 seeds in eaph compartment, 
as noted earlier^ They can 
take the supply back to their 
work are as on small pieces of 
paper. Te.n seeds should be* 
put into each compartment) in- 
cluding the one with water^* 



The tray's should he covered 



Although they have ga the red 
simi lar ijif ormation on ^ sample 
of 100 seeds in the previous 
Activity, repeating it here 
serve's two purposes. They wi^ll 
not only bq observing the ef-' 
feet of added chemical «unde r , 
identical conditions; they will 
be able to confirm their pre- 
dictions that the data they ob- 
tained in Activity 4 can be 
used to predict information • 
about any other sample taken 
from the same population. 
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MINISEQUENCE V/Activity 5 



TEACHING SEQUENCE 



with plastic wrap (or put i-nto 
a large plastic bag) to retard 
evaporati^ of the water. The 
'children should then se^t the 
.germinators aside, as they did 
in Activity 4. ' 



COMMENTARY 



Be sure that each 
fies its tray. 



team identi- 



4. .After several da^, have 
each team record the number of 
seeds which have geriainated in 
each compartment., Sowe chiA- 
dren may find i't liseful to ,use 
a magni f ier in observing each 
seed to determine if it has 
germinated. 



The time elapsed before they 
coun t shquld be 1 ong enough so 
that every seed whi ch can ger m- 
inate will have done 'so. They 
should use "the 'criter(ion es- 
tablished in the previous Ac- 
tivity for "germination. in 
other words, they should do the 
count after the maximum range-s^ 
in days they found for that 
particular seed has passed. in 
the cas'e *of radish, it might be 
3 or' 4 days; in the case of 
lettuce, 9 or«XO. The exact 
time depends. on light, moisture, 
temperature, etc. 



ERIC 



Give each team ^ copy of Work- 
sheet V-5 in order to keep 
track of the .count of germina- 
tions, or have them construct 
a si'hiilar one of their- own. 
They sTipuld also describe the 
appearance of the sproyts in 
the different .compartments. 
This information can be enter- 
ed under "Comments" on the 
Worksheet. . ^ 



Now have the children focus on 
the measurement *of' the number 
of germinations they counted. 
To, the ri^ht is a set of typi- 
cal, dat^ obtained by one team^ 
using* radish seeds. 



Thgy may observe that even 
though a seed will start to 
grow a root, some root tips 
appear black.. They are af- 
fected by the copper sulfate-- 
a 1th o ugh the root appeared , 
growth does not' proceed. They 
may even pick up ef^ect^ on the 
colors^^ of leaves, if 'the\^ form. 
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Compartmen t 


Number of 
germiJia tions 


1 


0 


2 


i 1 


3 


'1 


4 


10 


5 


' 7 


* 6 • 


10 ' 


■ 7 


9 


8 


8 


C 


10 . 
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• WORKSHEET V-5 



Team Members : 



SEED IS: 



COMPARTMENT 



COPPER SULFATE 
CONCENTRATION 



HIGHEST 



NUMBER OF 
GERMINATIONS 



COMMENTS 



4 k 



8 



LOWEST 



CONTROL 
(WATER) 



NONE 



f 
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• Do the -da^a te^ll you anything 
about how the seeds respond 
to copper sulfate? 

•What generalizations can you 
make on the basis of your 
results? 



At this point, the children ^ 
should suggest that each team, 
used too few seeds. Consider- 
ing all the data for all'the 
teams together may^ help' them 
to re so 1 ve us.ome of' their dis- - 
agreements over the interpre- 
tation of their results. , Make 
a chart on the ^chalkboard and,^ 
as the teams report one by oni 
fill it in. The t^le that, 
follows shows the dat'a obi 
ed by a clafjss on radish seeds 




_ COMMENTARY 



In many instances, a comparison 
of the counts in. each compart- 
ment will not show much of a 
' trend; in fact, the data shown 
above jump all over. There 
will probabiy be general agree- 
ment that at the high concen- 
trations of the chemical prac- 
tically no germinations 
occurred. At the intermediate 
concentrations some teams may 
note that only a few seeds 
germinated out of the IK); 
others wiTl observe many more 
than a few. In short, theV 
will ri*bt be able to agree on 
inferences a^Jout the intermed- 
iate concentrations. At the 
lower conce^sitrations some teams 
may report that a few of the ^ 
10 see.ds may have »been ^f fe c ted ; 
the data of other teams may sug- 
gest that there is no difference 
in germinations between the 
lowest concentrations of copper' 
sulfate and* plain water (the ^ 
control) . The point is that 
consideration of the data, team 
by .team, cci(n lead to fe^w de- 
finitive cohcllisions. 



Leave' enough space at the right 
so that the totals can be re-, 
corded, and averages calculated/ 
later. 
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Teams 



Cbmpartment 





A 


B 


' C 


D 


E 


F 


G 


H 


,1 


J 


1 


0 


0 


0 


1 


0 


1 


< 0 


* 

0. 


0 


0 


2 


2 


1 


3 


0 




0 


6 


1 


1 


0 


3 


1 


1 


7 


3 , 


3 


5 


5 


1 


3 




4 


. 2 


3 


8 


7 


5 


' 5 


6 


10 


7 


7 


5 


5 , 


5 


' 7 


7 


10 


r 8 


6 


7 


8 


10 


6 


8 


10 


10 




9 


9 


9 


10 


8 


10 


7 


10 


-10, 


10 


T 

10 


9 


10 


10 , 


9 


10 


10 


8 


10 


' 8 


10 


10 


10 


10 . 


9 


8 




10 ' 


C 


10 


10 


.lo" 


— 1^ 

/id 


9, 


10 ' 


10 


10 


10 


10. 




Now have *the* fhi Idren make a 
coordinate graph of their col- 
lected *data. Give each child 
a sheet otf graph papet (1 sq. 
per cm). The axis along the. 
base can/be marked off in num- 
bers f^m 1 to 8 and then by^ a 
C (for control) for the 
wate^. These ^marki correspond" 
tcy^the different confpartmen ts 
represent -decreasing cop- 
per sulfate concentrations. 
The vertical axis is marked off 
in units from 0 to 10, ajid cor- 
responds to the count of 
germinated seeds. ^oth axes 
should be numbered on the lines 
Columns will not he con- 
structed--only intersects 'mark- 
ed .to correspond with the data. 



Be sure the children- realize 
that this is not* a histogram. 
They will be graphing the varia- 
tion of germinations with the ' 
concentration of copper sulfat.e. 
Coordinal:? graphing was intro- 
duced .in Grade 4 of the COPES 
curriculum. (You may wish to 
review fehe introduction^ 'to this 
/type of graphing 'in Activity 1 
of Minlsequende ir^ in that 
grade . ) ' ^ 

If your children have difficulty 
with this^ technique , ^Work W^tK* 
them as they enter their .ini tTal 
data. For 'instance*, if no seedsy 
germinated in * cbmpartment 1 , 
th'Sn a dot (or X) should be 
placed at the intersection of 
the line for 0 * germinations 
with that for Compartment 1. 
If a team counted 3 germinations , 
in compartment 3/ at ^tjijit conj- 
par tment line they should count ' 
up to the*cros6' line represent- 
ing ' a co^unt of 3 germinations 
and place a mark at that 'inter- 



ERiC 



348 



335 



MINISEQUENCE V/Activity 5 



SEQUEflCE 



ERIC 



The children should begin by 
entering t)ie data 'for their 
own team . They can th^n go on 
to add the data for the other 
nine teamsr one by one. In 
this ^/ay*" they can readily see i 
the vairiability in. the'ir over- 
a LI r e,su Its > 



• Do the colle.ctive data tell 
you anything more about how 
the seeds respond to copper 
sulfate? 

• Could you draw a trend line 
through the data marks on 
your graph? . ^ 



• What do you think accounts 
fjor the variations ih Nihe 



data? 



Hopefully, the^ children will 
refer to their variable re- 
sults as 'due -not only to the 
variability of the seeds, but 
to ther impossibility of re- 
peating experiments exactly. 

* • How can this variability be 
taken into account, so that 
^e can an swe r the que s t ion 
as to how the germination of 
seeds is affected by dif- 
ferent concentrations of cop- 
per^sulfate? 



Once the idea of finding an 
.average is introduced, refer 
back to the tabulation you 
have on the board. With the 
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section (See illustration on 
page 339 . ) 



This means that on each com- 
partment Tine , there will be ,ten 
marks. Some "may be on top of 
one another, but most will be 
spread out a bit. 

The children may 'be quite dis-* 
appointed that the data, even 
for the entire class, seem to 
be quite sc^attered." A trend of 
the effect of coppe r • s ul f a-te on 
germi^nation is not apparent 
except for zero or low germina- 
t;ions in^, comp^ir'tments 1 and. 
and high germinations in com-* 
partments 8 and control. 'There- 
fore, it*would be difficult to 
jdraw a t^end line' with any com- 
I f idence . 

They should be ireminded of the 
.variability they found in re- 
^'p eating me^as uremen ts when the-y 
measured the distance a marble* 
could roll in Minisequence, 1 
They obtained different dis- 
tances even though they trie^^ 
to repeat the eicperiment in 
ex<eictly the same way. 

The children' s previous experi- 
ences in this sequence "^have 
shown them that combining, and^ 
then a ve raging will^ provide 
additional information about 
population samples. Averaging 
takes the variability among 
samples into account. 
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TEACHING SEQUENCE 



children's help add together 
all the values 'for each com- 
partment. Enter these figures 
on * tile . tab le in a column to 
the right. 

•For each compartment, how 
many readings wyfire made? 

Help them ^calculate- the average 
count of germinatibns for each 
compartment. For those adept 

'at. arithmetic computa tibns , 
this* can be done by adding all 
the counts for the compartment 
and then divi'ding by the num- 
ber of compartments, which is 
ten. If 'your children are 
fami^liar with decimals, then 
dividing by ten should be rel- 

=^ativel-y- simple . (See Activity 
3.) The averages below go with 
the data on radish seeds shown , 

earlier. 



« 


< 


Sum 


Average 
Germinations 
per 10 seeds 


♦ 




1 ' 


2 


0.2 ( 






2^ 


14 




* • 


1 


3 


32 


3. 2 


J' 




4 


60 




s 


Compartment' 


5 


73 


7.3 






6 


92 


9. 2 


• * • 




7 


98 


9.8 






8 


95 


..9.5 


* 


« 


C 


99. 


9.9' 


« 


•What is the probability that 
a single '^eed will germinate 


« 

In addition to providing infor- 
mation on how these seeds are 



in,' say, cpmpartment 3? 



COMMENTARY 



Ten--one for -each team. 



Some children may recognize , 
that the ten observations en- 
tered for each compartment 
really constitute the data for 
a histogram. If they wish, 
theV can use the class data to 
construct such a histogram for 
each^ compartment^ Then they 
can perform ''a piling- in operas 
tion to find the average. 



affected by the 
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T.EACHING SEQUENCE 
Compartment^?? 



With a diff^erene colored pencil, 
or' crayon, suggest the children 
enter the average'' valuesi on 
their graphs, 

• Can a trend be observed .now? 

Have them dra,w the best trend, 
line. It need not ijiclude all 
the ptfints , but in se lec ting 
where to draw the line, those 
points above the line should 
be approximate ly coun'terbeiTanc eld 
by tho^e below it. An example, 
of such a line through the ave- 
rage val\ies appears in the 
graph on page 339, 



COMJJJENTARY 



concen tratibn changes, the. ave- 
rage tells one the most probable 
number of seeds tbat will germ- 
inate under these conditions. 
In fact, since the average is, 
based on an overall count^of 
.100 seeds,\ it also represents • 
the percentage of seeds germ- 
inated. "For , instance, if the 
average, for one compar tmen t 
was 3.2 germinations out of 10, 
it me'ans tbat 32 out of 100 
s^eds, or 32%, would most prob- 
ably* germinate. ",If percent is 
being studied as part of your % 
mathematics prograirf, applica- 
tion to these calculations^ of 
'averages would be most- ap^>rop- , 
riate. Jhe probability that a --' 
single seed* out of the 100 will 
germinate at a gi^en concentra- 
tion can be found by 'dividing 
the team's average by 10 (the . 
jiumber DfA^eeds) again". Thus, 
in the data shown,^ the prob- 
ability that a single seed will 
germinate in compartment 3 
would be'^ 0.32;. in- compartment 7, 
it would be 0.98. 

For each cpmpartment, thfi ave- 
rage va^ue will appear midway 
be twwen the range of data en- 
tered foir all .ten- teams. 



In the» graph illustrated, X's 
mark all the data excep t the 
averages, which are sh^own with 
dots,' r 
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.COMMENTARY 
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|» 5//g 7 
pdmpartmenr^ ' 
Conpeiitration.of copper sulfate 



8 r 10 




What -conclusions can you nowf 
draw? • 



ERIC 



EfiscUssion should- bring out^ , 
that once they have combinj^d 
data on many seeds and avi^faged 
them, »the children could/ see 
a general trend of the response 
to different concentrations of ^ 
copper sulfate: the greater the 
concnetration of the chemical, 
the fewer the seeds^ that germ- 
inated. With the passible ex- 
ception of the loWes t con cen- 
tratio^ns, seed* germination is 
not only inhibited by the pre- 
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•Could you have cgime to tiVis 
conclusion if y-bu had pul: one 
seed, in eachycompartmeiyt? 
Two?^ Ten? 

/ 
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COMMENTARY / 

■ . ■ !" ■ 

sence of tHis contaminant, but 
is inhibited i-n direct propor- 
tion to the amount of copper ' 
sulfate present, 

No--the tendency could not be 
^'detected even by examining 10 
seeds aj^ a time. An individual 
team's data did not always show 
this relationship. They had to 
examine a large numbe r of germ- 
inations, average the results, 
an^^ obtain a most probable 
value for each concentration. 
/Similarly,^ in throwing dice or 
tacks, the individual throw 
could not.be predicted in ad- 
vance but ihe overalj. behavior ' 
of many throws exhibited a uni- 
form pattern. It is ' important , 
ifi conclusion, that the children 
realize that such relationships 
are* often hidden /in an apparent- 
ly er ratii: scatt^'t of da ta. 



BXTENDElJ;jEXP|>'RIENCES 



Childjfe'n 




manner 



may be-intei;;;^s ted to see if other se^s* respond in 
towards '^ggpper su^ifate, 



2.. /Is copper ^sulfate really present in the solutip;i in jar 8? 
I^^the solutiofL"is colorless, this^ is a v a fi^N^^J^e s>ti i o n , parti^- 
ly if no difference in average germinations found Com- 
pared w.ith the control,, 'A sensitive tesjt for the presence .of 
dissolved copper sulfate can be .demonstrate^, (Because of the 
"odor and' sensitivity of some children tp undillited household 
amiftonia, ,the 3emoris2ration should be done by yo/ia,,) First, , take 
a sample 'from one of th^e solutions which is distinctly blue and 
add some household ammbnia solution. The mixture will turn deep 
blue (a precipitate may form first; if so, add -mo^re ammonia). 
This is ^characteristic of the interaction Toetween ammonia and 
copper salt solutions. Then take a sample from jar*8--in a 
small sample, it will probably be 'colorless* Add a'mmonia to 
1:his. Formation of the characteris ti-c deep ivljie colpr will be 
Immediat^e*. Will waiter doothis? ^ 



I 



Thig'^Activi ty can lead nice ly i?^,to a (3^j^cq"4^sion of the ef-/ 
fects of, ^^ter'''pol-Ii;itrion"^-on — livdng^^ t*hings . ^Both quantitative^/ 
Ifeserva.t'it^Jis pn the decre<ased number of germinations and quanti- 
|:ative observations - s uch as blackenVd root tips, at the hi^h^r 
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concentrations .of the pppper sulfate and poor growth can lead 
children to a greater ppncern for the environment. it is no4;^ 
hard to imagine a '^hi lb ' becomi ng interested in, say, doing a 
special .project on the j di f f eri ng waste treatment facilities of 
chemical plants as a rpsult of this i n ves tfi ga ti on . The relation 
ship of living things fco their environment will be -explored in' 
the#first Miniseqyencei in Grade 6. • ✓ ' 




Minisj^uence V Asse^fnents 



Screening Assessments 



The concepts^ to w-hich th i s - as s'es sine»JL.^isS orient&d are: 

a; A population of objects or groups of repeated events exhibit^ 
variability. ' - - ^ \ 

b. If a physical model can be deviled to represent a , series' of 

events, y^he variab'iAity in ^xj^ected outcomes for these events 
geTieraJ/ly can be predi^'c^^^*' . - " - ^ 

* y o 
c» The/Larger the sampling iJsed in 5bserving a prof5erty, the 

mp^ con'fid'e-nt is the prediction of the average and the fre- 
[ilency distribution of ^that -property for the total 'jfopulation . 
Inc!rease in confidence in thre p-rediction can be obtained by^ 
irvcreasing the size of ^the sample or combining" a n^ptnbVr of 
^an^les. 




d. The re^^ult of a ''single chance event is njt useful in pre- 
dicting the outcome of a large sample of these events. 

e. Where a simple physical model cannot be devised, inferences 
about an object or se.ries of events can^ often be made by ^ 
large-scale sam^i^ng. ' ' 

f. The shape of , a frequency dis tribution' bar grapli- (his<:ogram) 
giv^s inforiuation 'about the ^popu la€i on fr9m' which^the s ampTe 
was taken. This histogram exhi'bits a range and a single^.most 
frequent value (mode). A multi-modal histogram indicates 
tfiat* the satnple Consists of members of more than one popular 

t i o 0 • ' ' t * * / ' 

g. In measuring the -inf Itfence df^an outside factor an- members %t 
^ a population^ the- effect' on their properties can be observed 

only if a large s amp le of data is^obtained and a ve rages of 
'the data are plotted against di f jferent ^values o^'the (im-' * 
pased) factor. ^ ' ^ * ' ^ 

The assessment is in two parts; if desired, Part 1 may; be used 
after Activity 2. Part 1 deals'with concepts**a through d; Part • 
2 (Jea Is -'mainly with corvcepts e through g, with- some brief p.ncx>r- 
poratipn of th.e earlier concepts. Part 1 consists of 6 questions^ 
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/ MINISEQUENCE V ASSESSMENTS 



and should require about 6 minutes for^its admini^s tra tion. 
Part 2 consists of 11 questions, and requires ^bout 10 miiiutesr 



PART 1 



Pages ^, £ , and C 



Distribute the asSess,ment pages and^direct the children as 
lows : ^ • ' , . „ «* 



f ol- 



IN THIS ASSESSMENT, I SHALL READ ALOUD A DESCRIPTION OF A SITUA- 
TION SIMILAR TO THOS|^ WE HAVE BEE^N WORKING QN. THEN I* SHALL 

.READ THREE QUESTIONS ^AND THREE POSSIBLE ANSWERS FOR EACH. I. 
SHALL PAUSE^ BETWEEN QUESTIONS FOR YOU TD CIRCLE THE LETTER IN 

-^ONT OF. THE -ANSWER YOU PREFER. THERE WILL BE TWO SITUATIONS IN 
THIS PART. HERE IS THE^ FIRST SITUATION. READ ^ SILENTLY WHILE 
I READ ALOUD. (AllcfW about 1 minute per response, situations' 
A and B. * If you think it helpful to the chi Idren , ' repe at- the 
question- with its possible ai7swers as they seleci> their choices.) 



Page A 



• 7 



SITUATION A: ■ THE CUBE, YOU WORKED' WITH IN ACTIVITY 2 .HAD SIX 
FACES. EACH_^ONE WAS A SQUARE. COI^SIDER NOW ANOTHER SITUATION 
LOIS HAD A DIFFERENTLY SHAPED SOLID— ONE WITH 
FOUR FACES. EACH fACE IS IN T-HE SHAPE DF A 
TRIANGLE . THE THREE SIDES" OF THE 'TRI- 
ANGLE ARE ALt EQUAL. A PICTURE OF THE SOLID 
OBJECT IS- SHOWN AT THE RIGHT. EACH FACE I§ • 
LABELLED WITH A LETTER": A AND B ARE ON TFfE''. 
FACES YOU CAN SEE. FACELS^C AND D ARE HIDDEN. 
THE ARROWS. POINT TO THEM. HAVE YOU ANY 
QUESTIONS ABOUT THIS OB JECT/? /^■( l^f so,' 're- 
read the situation, butypTOvide no further, 
information.) HERE. IS/QUESTION , 1 . " 

* • <, 

1- - WHEN LOIS DROPS THIS OBJECT ON A TABLE, SHE CAN SEE* THREE 
SIDES"~&UT NOT THE FOURTH ONE ON WHICH IT^; I^NDS . ON' WHICH '^ACE 
WOULD THE OBJECT BE 'EiXPECTED t6 LAND? / 

A. FACE A IS MOST LIIJELY. ' • 

B. ANY^FACE BUT D. 

C. ONE CAN"?\^REDICT THE RESyL^T OF ONE DROP. 



\ 
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2. if' THIS OBJECT WERE ^.W^OPPED MANY TIMES, AND A RECORD KEPT OF 
THE FACES ON WHICH IT LANDED, WHICH 'OF THE FOLLOWING STATEMENTS 
WOULD BE ^OST 'REASONABLE? 

, A.* THE FACES WOULD HAVE NEARLY .EQUAL FREQUENCIES. 

B. THE RECO^^D WOULD BE CONSJSTENT WITH THE PHYSICAL ' P^ROPER- 
TIES OF THE OBJECT. ■ ^' ^ ^ , 

. < C. ' BOTH STATEMENTS A AND B ;ARE TRUE. 

3. SUPPOSE LpiS WERE TO DROP -THIS OBJECT TWICE. OF THE RESULTS^ 
DESCRIBED BELOW FOR TWO DROPS, I-ffllCH LANDII^GS WOULD "BE THE MOST 
LIKELY? , ' \ 



A. -FACE A ON THE FIRST DROP, FACE B ON THE SECOND. , 

B. FACE B OR. D ON THE FIRST DROP, FACE D OR B ^Ok THE^ SECOND, 



IT WOULD LAND ON FACE C BOTH DROPS. / ^ 



Page B 



TURN TO PAGE B. 



ERIC 



4. SUPPOSE INSTEAD OF LETTERS, LOIS NUMBERED THE SIDES: A=l; 

B=2; C=3;rD=^. SHE THEN DROPPED I'HE OBJECT TwfCE,^ AND ADDED Up 

THE NUMBERS OF THE FACES ON WHICH IT LANDED. WHICH SUM WOULD BE^ 
MOST LiCKEI^? \ ' ^ 

A. ' THjB SUM OF 2. ' 



.B. THE SUM OF *8. 
C. TJiE SUM OF, 5. 

[6v/d 



IN THE SPACES PROVIDED BELOW, WRITE" THE VALUE OF^THE MOST LIKELY 
SUM AND ITS PROBABILITY. USE THE TABLE TO HEEF YOU DECIDE. MOST^ 

^ .r- _„ „ /^g^ 



LIKELY SUM^ 



ITS PROBABILITY IS 



FACE 


1 


2 


. 3 


4 


.1 




3 






. 2 










3 








,7 


4 
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Page c • . ' ^ 

Ask the children to tuiin to page C. , n 

HERE IS SITUATION B: A BAG CONTAINS SOME. |4ARBLES . SUPPOSE YOU 
l^E 14 DRAWS OF THE MARBLES "OUT OF THE BAG, ONE MARBLE AT A 
TIME. YOU PUT EACH MARBLE BACK IN THE BAG BEFORE THE NEXT DRAW. 
'THE NUMBER OF DRAWS FOR EACH TYPE OF MARBLE IS SHOWN BELOW. > 

• COLOR ■ FREQUENCY . " ' ' ^ 

* ■■ . . • 

^' RED .'2 

S ,BLUE 5 

YELLOW ' 7 

• ' '' « i • 

HERE ARE SOME QUESTIONS ABOUT THE BAG OF MARBLES." » ' •' * 

1. WHitH OF THE FOLLOWING STATEMENTS SEEMS MOST REASONABJ.E? ' ' 

• A*... THE MARBLES IN THE 'BAG ARE EITHER RED, BLUE, OR YELLOW. 



B. THE DRAWS WERE BIASED BECAUSE THE TALLIES SHOULD BE MORE 
NEARLY, EQUAL. 

C. THERE ARE EXACTLY THREE MARBLES IN THE BAG. 



.2. IF YOU WERE TOLD THERE ARE ONLY SIX MARBLES IN THE BAG, HOW 
'MANY WOULD YOU THINK ARE COLORED BLUE? 

^A.' TWO MARBLES ARE BLUE. 

B: five MARBLES ARE BLUE. ^ 

C. NOT ENOUGH INFORMATION TO MAKE A GOOD GUESS. 



PART 2 ^ 

' ■. . ■ 

and F ^ - . 

e the assessment pages for Part 2 and direct the chil- 
Tollows : ^ - * 

''I SHALL NOW 'READ'ALbUD A ^ DESCRIPTION OF A SITUATION SOI^WHAT 
LIKE THOSE WE HAVE BEEN WORKING ON. THEN I SHALL READ THREE 
QUESTIONS MD THREE POSSIBLE .ANSWERS FOR EACH. I SHALL PAUSE 

O ' /' • ■ . '345 
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BETWEEN QUESTIONS FOR YOU TO CIRCLE THE LETTER YOU PREFER. 
THERE ARE THREE SITUATIONS IN THIS PART. HERE IS, THE F^RST 
SITUATION. READ SILENTLY WITH ME WHILE I R^AD ALOUD. (Part 2 
should take about 10 minutes: Situations C and D about 40 to 45 
seconds per response, Situation E 1 to 1-1/2 minutes per res- 
ponse*) • * 



Page D 



SITUATION C: YOU HAVE PROBABLY USED A SPINNER. HERE IS ONE 
WITH FOUR EQUAL SECTORS LABISlLED A, B, C, d/^^- ^ 
AS^ SHOWN ATj.J'HE RIGHT. NANCY AN D^ JOE MADE. * 
,A i^OTAL OF 60- SPINS. THE FREQUENCIES (OR 
NUMBER OP TIMES THE SPINNER STOPPED IN* A 
PARTICULAR SECTpR)' WERE A=5 TIMES, B=15 TIMES, 
C=30 TIMES, D=10 TIMES. ^ 

HERE ARE. SOME QUESTIONS AB*OUT THE SPINNER. ^ 
CIRCLE THE LETTER OF THE ANSWER YOU PREFER. 

1. WHICH OF THE FOLLOWING STATEMENTS IS ^OST 
LIKELY ,C0RF(ECT? ' ' ^ * ' * 

A. THE DATA ARE WRONG, AS THIS RESULT IS IMPOSSIB'LE. 

B^ THE .RESULTS ARE WITHIN EXPECTED VARIATION ^D'UE TO CHa4|^E*\ 

C. .THERE IS SOME INFLUENCE ON SEC*TOR C AT THE EXPENSE. OF - 
SECTOR A. , . . , 




2. NANCY AND JOE KEPT TRACK OF EVERY TITO SPINS AS THEY COLLECTED 
THEIR DATA* WHICH Of' THE FOLLOWING PAIRS OF SPINS WOI/lD BE MOST 
LIKELY?. . * ' ' , ' • 

• * A. THE PAIR (A, C) ^ 

^ B. THE .PAIR (B, B) ^ ' * - 

C. THE PAIR '(B, C) \ 



3.' IF NANGY AND JOE MADE SURE THE. SPINNER WERE PERFECTLY BALANCED 
(NOT INFLUENCED) , AND THEN THEY SPUN IT, THEY WOU^D FIND THAT: 

A. THE SPINlSfER WOULD ALWAYS STOP IN THE SAME SECTOR. 

B. THE 'SPINNER WOULD STOP AT EACH SECTOR tHE.SA^ tTtJ|BER 
OF TIMES (-THE SAME -FREQUENCY)-. * > \ * 

^ » /» 

C- NEITHER A NOR B IS TRUE. * * > ' 
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Page E 

NOW TURN TO PAGE E. 



SITUATION. D: THE HISTOGRAM AT THE RIGHT 
SHOWS THE FREQUENCY DISTRIBUTION OF 
HEIGHTS OF lOa CHILDREN.' THE .UNITS ON 
THE LINE ARE INCHES OF HEIGHT. 



20 



to 



tj 15 
10 10 



« 44 \ 41 52 • 50" 80 



HERE ARE THE QUESTIONS. CIRCLE THE LETTER 
FOR yHE' ANSWER YOU PREFER. 

1. THE" MOST FREQUENTLY OtCURRING HEIGHT IN THE TOTAL GROUP IS 
ABOUT: ^ • . • 

T 

4. 40-60 INCHES. . • 

B. 47 INCHES. ' " . 

C. 52 INCHES. 

2. WHICH OF THE FOLLOWING STATEMENTS IS' MORE LIKELY CORRECT?,,.. ' 

A. . THERE ARE MANY ERRORS OF MEASUREMENT IN THESE DATA. 

B. THE CHILDREN ARE APPARENTLY "ALL FROM THE S'Af^ POPUI,ATION. 
-C. THE CHILDREN MAY COME^ FROM TWO DIFFERENT AGE 'iSROU'PS . 

IF THE CHIDLREN ARE ALL FROM THE FIFTH fiRADE IN A SCHOOL. ' 
A. I^efCr^ 40 OF THEM ARE PROBABLY BOYS. *^ 



B 



.^MjL ti 



THE DIFFERENPES ARE DUE TO VARIATIONS EXPECTED .IN 
SAMPLING. 



C. THE NUMBER OF CHILDREN AT EACH- HEIGHT SHOULd\BE THE SAME. 



4. IF THE DATA SHOWN REPRESENTED THE NUMBER OF GAMES' 
CHILDREN IN' A CHECKERS .TOURNAMENjf ^. ' 



BY 



A. ALL C^^HE CHILDREN WOULD HAVE BEEN EQUALLY SUCCESSFUL-. '' 
"B. ABOUT HALF OF THEM MA^ HAVE HAD SPECIAL TRAINING. " ' 
d. NO iNTERPRElfATION OTHER THAN CHANCE SHO(jLD BE/ MADE. 
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Page F ■ ' " , * . , 

Ask the children to turn to page F ^ 

SITUATION E: JOHN AND CAROIi DECIDE TO MAKE THEIR OWN RUBBER ^ 
BAND SCALE- WHICH THEY CAN USE TO WEIGH, OBJECTS. THEY HAVE AVAIL- 
ABLE A STI^ONG RUBBER BAND, A CONTAINER, A SMALL UNIT MEASURE CUP\ 
PLEN:ry OF .^STRING AND CARDBOARD, AND UNLIMITED AMOUNTS OF WATER. 
THEY .DECIDE THEY NEED FIVE DIFFERENT POSITIONS ON THE 'SCALE TO 
CORRESPOl^D TO FIVE DIFFERENT , UNITS OF WEIGHT. THE CONTAINER WILL 
HOLD 10 MEASURES OF WATER. . . 

1. WHICH ;0F .THE FOLLOWING PLANS WOULD BE MOST ^USEFUL ,T0 THEM? 

A. \ PUTt A UNIT MEASURE OF WATER IN THE CUP AND SEE HOW MUCH 
IT fcTRETCHES' THE RUBBER BAND. / ' 

B. JPUT five different NUM^RS OF MEASURES OF WATER IN' THE 
:ONTAINER AND MARK HOW FAR EACH STRETCHES THE RUBBER 

" • B/^D. . . ^ ^ , 

C. MEASURE THE STRETCH FOR FIVE DIFFERENT NUMBER* OF MEASURES 
OF WATER MANY TIMES EACH AND FIND 'THE AVERAGE' POSITION 
FOR EACH MEASURED AMOUNT. . . ^ [ ' ' 

2. " THE ANSWER YOU CHOSE ABOVE IS BEST BECAUSE: " ' - , 

A. IT ACCOUNTS FOR ALL TiJE STR&TCH IN THE - ROBBE^ BAND. 
^B. IT ALLOWS'" FOR ERROR. IN REPEA!(JjpJG A MEA^REMENT^ - ' . 

C. IT IS THE EASIEST ONE TO DO. * 

3. IF JOHN AND .CAROL HAD MADE REPEATeId MEASUREMENTS , THEY WOULD 
HAVfi -THE MOST CONFIDENCE IN USING THE SCALE IP THE MARKS LOOKED . 
LIKE: ' ' ' ^ ' ' • 
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Page A 




SITUATION A: THE CUBE YOU WORKED 'WITH IN ACTIVITY 2 HAD SIX FACES. 
EACH ONE WAS .A SQUARE.,' CONSIDER NOW ANOTHER SITUATION. LOIS HAS A 
DIFFERENTLY SHAPED^SOLID— ONE #ITH FOUR FACES. EACH 
FACE IS IN THE SHAPE OF A TRIANGLE Z:\. , THE THREE 
SIDES OF THE -TRIANGLE ARE ALl. EQUAL. A PICTURE OF 
THE SOLID OBJECT IS SHOWN AT THE RIGHT. EACH FACE 
IS LABELLED WITH A LETTER: A ^ND B ARE ON THE FACES 
YOU CAN SEE. FACES C AND D ARE HIDDEN. THE ARROWS 
POINT' TO, THEM. HAVE YOU ANY QUESTIONS ABOUT THIS 
OBJECT? HERE IS QUESTION 1. 



1. WHEN LOIS DROPS THIS OBJECT ON A TABLE, SHE CAN SEE THREE SIDES, ' 
BUT NOT THE FOURTH -ONE ON WHICH IT LANDS." ON WHICH FACE WOULD THE OB- 
JECT^ BE EXPECTED TO LAND? 

A. FACE- A IS MOST LIKELY. 

B. ANY FACE BUT D. . " . 

C. ONE CAN'T PREDSCf'THE RfiiSULT OPSONE DROP. 

2. IF THIS OBJECT WERE, DROPPED MANY TIMES, 'AND A RECORD KEPT OF THE 
FACES ON WHICH IT< LANDED, WHICH OF THE FOLLOWING STATEMENTS WOULD BE ' 
MOST REASONABLE? . 

A. THE FACES HAVE NEARLY EQUAL FREQUENCIES. 

* t 

B. THE RECORD WILL BE CONSISTENT WITH THE PHYSICAL PROPERTIES OF 
THE OBJECT. - . * 

. C. "both STATEMENTS A AND B ARE TRUE. 

3. SUPPOSE LOJS WERE TO DROP THIS OBJECT TWICE. OF THE RESULTS DES- 
CRIBED BELOW FOR TWO DRO'P^, WHICH ^LANDIN^S WOl/LD BE THE MOST LIKELY. 



A. FACE A IN THE FIRST DROP, FACE' B ON THE SECOND. ^ 

B. : FACE g"0R D ON THE FIRST DROP, FACE D OR B ON THE SECOI^D, 

\ 

C. .IT WOULD LAND ON FACE C 'BOTH 'dROPS . 

) ■ 
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4. SUPPOSE INSTEAD OF LETTERS, LOIS NUMBERED THE SIDES: A=l; B=2; 
C=3; D=4. SHE THEN DROPPED THE OBJECT TWICE,. AND ADDED UP THE 'NUMBERS 
OF THE FACES ON WHICH IT LANDED. WHICH SUM WOULD BE MOST LIKELY? 

t - . . • 

A. THE SUM OF- 2. ^" ' . 

•\ - • , 

B. 'THE SUM OF 8. ' / ' 

C. THE SUM OF 5. , ' 



IN THE SPACE PROVIDED BELOW, WRITE .THE VALUE OF THE MOST LIKE,LY SUM AND 
ITS. PROBABILITY. USE THE TABLE BELOW TO HELP Ybu DECIDE. 

MOST LIKELY SUM = ^ ITS PROBABILITY -IS /16 ' . 
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HERE IS SITUATION S,: A BAG CONTAINS SOME MARBLES ♦ SUPPOSE-' YOU MADE 

14 DRAWS OF THE MARBLES JUT OF THe" BAG, ONE MARBLE AT A TIME. YOU PUT 

EACH MARBLE BACK IN THE ^AG BEFORE THE NEXT DRAW. THE NUMBER OF PRAWS 
FOR EACH TYPE OF MARBLE IS SHOWW BELOW. 



COLOR 

RED 

BLUE 



FREQUENCY 
2 
5 



YELLOW 



HERE ARE SOME QUESTIONS ABOUT THE BAG OF' MARBLES » 

1. . WHICH OF THE FOLLOWING STATEMENTS SEEMS MOST REASONABLE? 

A. THE MARBLES IN THE BAG ARE EITHER RED, BLUE, OR YELLOW. 

B» -THE DRAWS WERE BIASED BECAUSE THE TALLIES SHOULD BE MORE NEARLY 
EQUAL. ... 



C. THERE ARE EXACTLY THREE MARBLES IN THE BAG 



. ( 



2. ^IF YOU\ WERE TOLD THERE ARE .ONLY SlX MARBLES IN THE BAG, HOW MANY 
WOUiD YOU THINK ARE COLORED BLU^? 

T\^0 MARBLES ARE BLUE. ' . * 

B. FIVE MARINES ^ARE BLUE. 

C. NOT ENOUGH INFORMATION TO MAKE A GOOD GUESS. 
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SITVATIOH C: YOU HAVE PROBABLY U6ED A SPINNER. 
HERE IS ONE WITH FOUR EQUAL S.ECTORS LABELLED, 
A, B, C, D, AS SHOWN AT THE RIGHT./ NANCY AND 
JOE 'MADE A TOTAL OF 60 SPIWS. THE FREQUENCIES 
(OR NUMBER OF TIMES THE SPINNER STOPED IN A 
'PARTICULAR SECTOR) WEREA=5 TIMES, B=15 TIMES, 
C=30 TIMES,' D=10 TIMES. 




HERE ARE SONIE QUESTIONS ABOUT THE SPINNER^ CIRCLE THE LETTER OF THE 
ANSWER YOU PREFER. . ^ ' ^ ) ' 

1. WHICH OF THE FOLLOWING STATEMENTS IS= MOST LIKELY CORRECT? 
A. ,THE DATA ARE V^RONG, AS THIS RESULT IS IMPOSSIBLE. 
•B.. THE RESULTS ARE WITHIN EXPECTED VARIATION DUE TQ CHANCEI 
C. THERE IS Some influence on sector C at THfi EXPENSE OF SECTOR A^ 



2.^ NANCY ANDjjpOE KEPT TRACK OF EVERY TWO SPINS AS T«EY COLLATED 
THEIR DATA. WHICH' OF THE* FOLLOWING PAIRS OF SPINS WOULD BE MOST 
LIKELY? . ' ■ > ' ■ . 



A. 



/ 



THE PAIR (A, C) 



B. . THE PAIR (B,. B) 

C. THE PAIR (B, C) 



/ 



3^' IF NANCY AND JOE MADE SU^!^ THE SPINNER _WAS_ , PERFECTLY BALANCED (NOT \\ 
■INFLUENCED) ,^ AND THEN THEY SPUN'^T, THEY WOULD • FIND .THAT :' ■ ^ 




h/^i -THE 



SPINNER WOULD ALWAYS 'STOP IN, THE SAME SECTOR, 



THE SPINNER WOULD STOP AT EACH SECTOR THE SAME NUMBER OF TIMES. 
(THE SAME FREQUENCY) . / * « 



NEITHER A NOR B IS TRUE. 
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THE LINE ARE INCHES OF. 



SITUATI-ON Di THE HISTOGRAM AT THE RIGHT SHOWS 
THE FREOUE^^GY DISTRIBUTION OF HEIGHTS OF 100 
CHILDRKJ. THE UNITS 
PEIGUT. V 




1 

\ 



20 



«10 



del 



15 



10 10 



10 



40 44 41 52 



HERjf ARE THE QUESTIONS. ClkCLk THE LETTER FOR THE A^^^SWER YOU PREFER. 

^1'. THE MOST FREQUENTLY OCCURRING HEIGHT IN THE TOTAL GROUP IS ABOUT; 
; ' . * ^ 

A. 40-60 INCHES. 

. B. 47 INCHES. ^ 

C. 52 INCHES. \ " ^ 



\ 



2. WHICH /OF,. THE. FOLLOWING STATEMENTS 'IS MORE LIKELY CORRECT? . 
A. THERE -ARE MANY ERRORS OF MEASUREMENT -IN- THESE DATA. 

' 6. THE CHILDREN ARE APPARENTLY ALL FROM'- THE SAME POPULATION. 
C. THE CHILDREN MAY COME FROM TWO DI FFE MINT ^ AGE GROPPS., » 

3. - IF^ THE ^CHILDREN ARE ALL FROM THE FIFTH GRADE IN A SCHOOL, ' * 

A. ABOUT 40 OF THEM ARE PROBABLY BOYS. 

B. ALL THE DIFFERJ^NCES ARE DUE TO VARIATIONS EXPECTED IN^ SAMPLING. 
' C. THE' NUMBER OF^ CHILDREN AT EACH HEIGHT SlloULD BE THE SAME. , ^ 

4. .IF THE QATA SHOWN REPRESENTED THE NUMBER OF GAMES WON BY CHILDREN . 
Lf^ A CHECKERS TOURNAMENT RATHER THAN' HEIGHTS ^ 

. A. ALL OF^THE CHILDREN WOULD HAVE *BEEN EQUALLY SUCCESSFUL. 

B. ABOUT -HALF OF THEM MaY HAVE BAD SPECIAL TRAINING". 



C- NO INTERPRETATION OTHER THAN CHANCE SHOULD. BE MADE. 
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SITUATION E: JOHN AND CAROL DECIDE Tb MAKE THEIR OW^ RUBBER BAND SCALE 
WHICH THEY CAN USE TO WEIGH OBJECTS. THEY HAVE AVAIp^LE A STRONG 
^BBER BAND, A CONTAINER, A SMALL UNIT MEASURE CUP, ^ENTJY OP STRING. 
AND CARDBOARD, AND UNLIMITED AMOUNTS OF WATER. ' THEY. BeC IDE THEY NEED 
FIVE DIFFERENT POSITIONS ON THE SCALE TO CORRESPOND ^ FIVE DIFFERENT 
UNITES OF WEIGHT. THE CONTAINER WILL» HOLD 10 MEASURE^^OF WATER. 



1. WHICH OF THt FOLLOWING PLANS WOULD BE MOST USEFUL TO THEM? 



A. PUT A UNIT MEASURE OF WATER IN THE CUP AND SEE HOW MUCH IT 
c STRETCHES THE RUBBER BAND. ^ ^ > 

B. PUT FIVE DIFFERENT NUMBERS OF MEASURES OF-WA'TEr'iN THE CON- 
TAINER AND MARK HOW FAR ■ EACH STRETCHES THE R0BBER BAND. '* • 

r • fi ' 

C. .MEASURE THE STRETCH FOR FIVE DIFFERE^^JT NUMBEjiS OF MEASURES 0^" 
WALTER MANY TIMES EACH AND FIND THE AVERAGE POSITION FOR EACH ' 

measup!ed amount. , - ' ' ' 



/ 



2. THE ANSWER YOU CHOSE ABOVE IS BEST- BECAUSE : 



'4 



A. IT ACCOUNTS FOR ALL THE STRETCH IN THE' RUBBER BAND. 

B. ^^ IT ALLOWS FOR E^OR IN 'REPEATING A MEASUREMENT. 

C. IT IS THE EASIEST ONE TO DO. 



3. IF JOHN AND CAROL HAD MADE REPEATED MEASUREMENT^ , THEY WOULD HAVE 
THE MOST CONFIDENCE IN USING' THE SCALE lA THE MARKS LOOKED LIKE: 



-1 

-2 > 
3 • 
4 
6 



:E4 

!E5 



;1 
2 

♦ 

114 

115 
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Materials and Equipment 



An alphabetical list of materials and equipment ^is included for 
yo^r convenience in .obtaining the materials necessary for teach- 
ing, the Grade 5 sequence of COPES . The list includes the total 
amoun-^ of material^e for the Grade 5^ sequence. The children can 
often bring in^terials, such as/marbles and empty baby food 3^rs , 
.from home. Some items--sucl\ as^paper, pencils, and crayons-- 
will be 'available in 'youi: s'chool.' Check also for equipment that 
may be available from a school science stor^erodm. Most of the 
remaining items can be purcljiased locaLly in»grocery, Stationery, 
drug, photography supply ot hardware* 'stores . A' few itewg such 
as thermometers, spring scales, magnifiers, and sbme chemicals 
(see page 142), may haVe to be ordered from o^ie of the scientific 
supply houses listed on the last page of this section. I? you 
are ordering the -20°C to 4i50°C thermometers from Damon, 
Macalaster, or American Scijence and Engineering (A.S.&E.), be 
sure to specify the plastic backing. Some of £heir thermometers ' 
have metal backings which, can no.t be used for the Activities in 
Minisequence III. The Macalaster thermometer (No. 2662) has ^ 
a plastic backing! * . ' 



Whether you are ordering frpm a 
locally, ^eep in mifid 'that, for 
for a class af 30 children/. if 
you may want to vary the amount 



6'upply house or purc_has i/ng items 
convenience, the qu an ta t i e s ' a r e 
your class is larger/or smaller 
ac'cor diiigly . , 




Often in CO^^ES particular items of equipment or materials, are 
used in more than ona Activity,, or Minisequence, or; even grade 
level. Thus the noncons umab le items, and those consumables 
which are left over, should' be stored for possible later use. • 
To help you', the list contains a col^umn ijidicating the Miiii- 
sequence(s) and Activ'i^y (or Activities) where each item is used.* 



IZEMS 



B^,t,feries and bulbs: 



D batteri^es 

(Everready No. 985 or equiv- 
*alent, not aycalin^ batteries) 

Flashlight bulbs No. 14 i 
Flashlights, an^ kind in.g(^od 
working orde;i: , 



AMOUNT 



32 



^15 

15-30 



MINISEQUENCE 
AND ACTIVITY 



IV, 2 



IV, L, 



V 



/ 



/ 
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No. 6 "ignitor" cell (dry 
- G-e 11 ; ^ thi s' i s the large 

(6 \'i2 cm diafneter "by 16 cm) 
^ dry ^ce 11 with two - screw 

terminals on' top) 
Miniature s ocke ts^ s c rew base 

(A.S.&E. No. 006H002) 

Candles , Matches: . 



ITEMS 



Candle 4 cm wide at base, 

5 cm high 
Saf e ty, matches 
Paraffin shavings 
Match boxes 



Cheml cals 



Ammqniujoti alum 

Ammonium chloride (sal / 

ammoniac) 
Copper sulfate^ (blue, hydrat^d 

crystals)" (blue, vitriol) 
Corn Starch (optional) 

Detergent, liq^uid ^ . 

Epsom salts (hydrated 

magnesium sulfate) 
Mineral c^l 
Rubbing alcohol^^ 
Salol (phenyl salicylate) 
Sodium acetate (hydrated 

crystals^ chemically pure*) 
Sodium c):ilorid^ (table salt 

Kosh^-s ty ^) 
Sodi^im thiosulfate (variety 

.sold in photo^ supply stores) 
Sugar , granulated-- 
Tincture of iodine 
Yeast, Baker*s 



AMOU 



•15 



Containers : 



& 



Cups *^ 

plastic cup, 6-oz to 8-oz 

(1^-ml to 250-ml)^ ' 

plastLc cup, or waxed paper 



15-30 . 

32 books 
1/4 cup 
90 



1 cup 
1 cup 

45 g - 



/ 



7 



30 
151 



MINISEQVENCE 
AND ACTIVITY 



IV, 2 



IV , 2 



1 1 1^, 4 



111,4 
111,1 
11,1; 11,2; 11,3; 
11,4; 11,5 



111,2 
111,2 

V,5 

I , 3 

1,1; I ,^ ; 1,3 



1 cmp 


111,2 






1 oz . 


1 1 1 , r ' 






•17 oz . 


111,1 






, 1/4 cup 


111,1 






> 1-2 /dups ' 


ril ,2 ; 


III 


,4 


about 


1 1 X , 1 ; 


III 


,2 ; 


2-1/4 cups 


III ,3 






about \ 


111,2; 




,3; 


1 cup 


.Ifl ,4 






1 oz 








2 oz 


1,2; I 


, 3 




60 1/4-Jz 


IV , 3 






package s 









1,1; 1,2.: 1,3:- 
111,2 

1,2; 1,3; 11,2; 
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• ITEMS 



1-oz (30-ml) 



polyfoam, ( 6-oz to 8-oz) 

, (180-inl to 250-ml) « ^ 

Bucket, 2-gal, (8 liter) 

Bo'ttle with' cork or cap, 
1 pt (500-ml) 

Wide-rmouth'^container, glass, 
waxed paper, or plastiq .* 
(.e.g. short oliye jars, 
cottage cheese containers, 
mugs, plastic bowVs , etc.); 
8 og: (250-ml) 

Test tubes (IvOO mm x 25 mm) 

Jar (to hold test tubes) 

Jars, l^pt (500-ml) , trans- 
parent^ preferably similar 
or identical 

Insulated pplyfoam containers, 
3 qt iX 3 liter ) 1 • - 

Thermo^, 1/2 pt. ^ 

. - 

Dishes and trays : a, ' 



Dishes, shalLov to use as 

germination dishes 
Plastic d^hes 



ShalloW^saucer ^ 
Serving trays ^ 
Cookie sheet ^ ' 
Dishes 4 in. dia^m^ter, 
deep 

Plastic ice cube tray With 
separate' molded cojBpart- 
ments, oi^ molded egg carton 



X 1/2 in, 



Equl pment 



Magaifying* ^lass..^ 

jA.S..SE. hand magnifiers. 

No. 2400 are r e comroende?d)^ 
Hot plate ^ 
Mirro^^s (5 hm 

e.g., purse 
Glass rod (to 

stirrer) 



X 7 cm or , la^rger , 
mirrors) 
be used as a 



AMOUNT 



30^6^0 

. ^1 

30 



30-60 
15-30 
8 

15 



1 
2 
1 
30 



8-10 



30-60 



ERJC 



mxniseqOence 
and activity 




II ,3; ri ,4;, II ,5; 
'l 1 1 , 2 ; 111,3;- 
JV, 3';/<F^; V,5«j 
I 1 1 , 1 Lf , 3 ; 
1 1 1', 4 3; V-,2 

1,2; 1,3 

111,1; 111,2; 
111,3; 111,4 



I II , b; i II , 3 ; 
111,4- 

111,1; 111,3; 
111,4' ' ^ 

V-5 -.' 



I 1 1 , 2 ; 111,3; 
I*r I / 4 
IV*, 3 



IV , 3 



V 



/ " 



I , 1 J 1,2; I 
1,2 
1,3 
1 1 1 , L 
V,4 

V,5 



1,1; 111,1; 
•111,3;' V,5 

III , 1 J 'IV, 3 
I^',l' . 



3 5 7," 



IffEMS 



Pq t , with co^ 

Microproj'ector (optional) 
♦Microscope (40x), if available; 
otherwise, one for each group 
of two or thr^e children 
Microscope, *450x (optiorxal) 
Plastic c <y V e r s 1 i p < 
Medicine dropper- 



Wire' stripper and cutter 

(optional ) 
Thermometer («20°C to +50°C) 



Measurement instruments : 

Rulers, 12~an. (30-cm), wood 
or plastic 

Rulers , '12~in . (30~cm), in- 
flexible, m,m markings, with 
groove 

Meter stick or o^thef long • 
measuring device, -with mm 
markings «» 
^Spring scale, 0-500 g . ' ' 

Platform balance, Ohaus , 1200 
(optional) 

Clock'With sweep second h^and\ 

fliscellaneous^: 



I 



Bricks 

Metal lids, 5" cm diameter 

Wastebaske?t ,~ 

Heavy bookk ^ 

Plastic spoons (standaiTd 

1/2 tsp.. measuring s£>oon,"' 
or qommon av-ailable plastic 
spoons 'sold with ice cream 
or bought in pack'ages) 

Paper, Metal and Plastic 



,product:s . 



Paper towels 



AMOUNT 



1 
1 
30 



-1 I 



30 
60 



- 1 

30-60 



) 

i 

10 
30 



;15 



15_ 



15 - 
* 10' 
1 

several 
supply . 



about 900' 



MINISEQUENCE 
AND ACTIVITY 



IV , 3 






111,3 






1,1; I 




, '3 ; 


111,1; 


I-II , 


3 


IV , 3 


o' 




1,1; I 


,2; I 


,3 


1,1; -I 


, 2 ; I 


,3; 


111,1; 


I ; I , 3 ; ■ 


111,2; 


III , 


3; 


I I Is, 4 ; 


V,4; 


V,5 


IV-2 












I i I , 1 ; 


III , 


4 ; * 


IV, 2 ; 


IV,3 ; 


IV, 



IV, 4 ' 

1 1 / 1 ; I'l / 4 ; 
11,3; 11,2 

11,1 — 



II ,3 ; IVv4 
II /4 



IV , 2 



IV ,4 



11,3 ^ • 

11,3; 1 1,*, 4 

I I i , 2 ; I i I ,, 3 ; 

I I I ,.4 V ,4 . , 



1,1; I, '2; 1,3; 
111,2; I J'l , 3 ^ - 
111,4;' IV, 3; 
V>4; 
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3.71 



'ITEMS 



AMOUNT 



MINISEQUE^CE 
AND ACTIVITY 



Facial tissues 

Pictures from newspaper * 

Page of classified ads ^ 

Newspapers .{for gatching' spillsT 

Waxed paper 

Aluminum foil' 



m 
by 



by 11 
2 in.) 



in. ) . 
(optional ) 



paper , (whi te ) 
paper (black) 



1 oz 



Paper, wbite 

Paper (8-1/2 
Paper (2 in . 
Cons|:ruction 
' (15 cm sq ) 
CoYis true ti on 
(15 cm sq) 
Gray MPer (6 cm b^, 10 cm) 
Transparen-t plastic, about 

15 cm square 
Cardboard (wider than a 

SMP f 1/2 as long) 
Gra^)h paper (1 sq/cm) 
Graph paper (10 sq/in.) 
Graph pa'per (2 sq/cm) 
Graph paper, any size 
Sand paper* (optionkl) 
Corrugated cardboard 

(30 cm by 30 cm) 
Cardboard boxes (uniform 
stackable)', blocks, a 
case, steps, etc,-., to 
provide unit iacremenfe^ of 
weight C 
Brown paper bags 
Pla.stic sandwich bags or 

plasticwrap ^ ^ 



boo*k- 



Plastic food wi^ap 
Cloth: 

" Towels^ or strips 
or fe-lt clot(h^ (if 
is not carpeted) 

Damp cloth 

Pla^its and seeds: 



of wool ' 
the floor 



Elodea plants 

Potted Begonia with flowers 
Medium $ize onion bulb 
Medium size ripe tomatoes 



2 boxes 
30 
' 1 

several, ota 

2 rolls 
supply 

supply 

15 sheets 
60 pieces 
30 ^pieces 



30 pieces 

15 pieces 

15 pieces 

16 pieces 

9 0 pieces 
3 0 pieces 
30 piece€^ 
supply 
1 piece 
1 pie^e 

45-60 . 



31, 

33-34 

1* roll , 
appr ox . 

30 



15-59 



1 

3 



1,1; 1,2; 1,3 

I . 1 • 
1,1-. 

\l,2; IV, 1; IV, 2 
1,2; 1,3 
III .1 ; III ,4 ; 
IV , 1 ; IV , i ■ 
III ,2 ; III ,3; 
LV , 2 ; V , 5 

IV, 1 
111,4 
'lV,l 



IV, 1 

IV, 1 
IV, 1 



11,2; 11,3; 11,4; 
11,5 

V , 2.; V , 5 
V,4 

; Iv,.,^_v 



,2,-v %^ 
\ ?^I t 3 



•I I , 5 
II , 3 



^ 



.v,i 
v,4 

IV, 3; V,5 



II , 1' 



III ,4 

i 

1,1 

.1,2 ■ 
-1,2 
1,2 



i 




\ 
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*Siationery supplied : 



ITEMS 



Germinated lettuce seeds 
Medium si^e carrots 
Unripe bananas 
Radish seeds' 



Forge t-Me- Not s (Myosotis) 
Celosia seeds 

black-ey^d peas, peas^, "kidney ^ 
beans, ^lima beans, corn or 
radish seeds, 02: any other 
seed^ which germinate fairly 
rapidly 



Modeling clay 



/ 



Black poster paint 
Staplers , ' , 
Glue 

Tape^ t ransjpare'fit 
Rubber bands No. 18 
Masking tape 
Crayons ^ 
ThumJDtack^ 

Camels hair paintbrush 
Smooth ta"^e("e.g., Magi/c- 
menc^ingO 

Tools 



Garden t ro'we 1 
Electric iron 7 
Single 'edge razor blade 
Paring knives / 
Scissors » 
Tweezers (optional )/ 

Toys:, ' • ' ' 



Bicy aires 
Roller skates 
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AMOUNT 



30 
. 3 
4 •* 

4 paqk-s 
(at least' 
100 seeds 
per papk) 
• 2 packs 

^ (100 seeds 
per pack) 

1 pack 
(100 seeds 
per pacjfi;) 

supply 



1 lb . 

(450 g) 
2' jars 
1 or more 
1 or more*" 
jars 
supfi[ly 

'2 5 
Supply 

31 
150 

supply 



1 

1 . • ' 

1 . ' ■ 
■ 5 

5-15 pairs 
1 5 p a i r s ' 



.5 or mo re 



MINISEQUENCE 

AND Activity 



1,2 
1,2 

1,3; ' 

V,4^ V,5 



V,4 
v,4 



IV , 3 



11,2; 11,4; IV 

^;1;. IV, 2 '/ 
\v;i 

IV, 1 i 
IV ,4 

I V ) 4 ; 11,3 
ri,4;, IV, 2 

V, 2;""v",5 _ 
V,3 

r , 1 ' ' ■ 
11,2,. 



,1 



1,2 
■IV,1' 
I ,2 ^ 
I ,2 ; 
V,5. - 
V,4 



IV, 4- 
IV, 4 



1,3; I II , 1 ^ 




1 



^ 1 



ITEMS 



Marbles,' 1 in. f 
Marbles 3/4" or 5/8" 

Red marbles* ,^ 

Blue marbles * «n 

Marbles (3rd col6r) , op^fional 

Cube or die \ ' 

Water : 



Waters 

Chipped ice 
Wi : 



Iron hair wire 

(about '20 cm, No . . iJOC , o 
available ftom Woblworth's 
and o^ther department- stores) 

Copper w4re, bar^e*, 10 cm 
about Nor 20, (available 
at department stores as 
solid chopper utility 
w'ire) 

Copper or aluminum, wire 

(with bared ends for^on- 
necting leads in circuits 
12 in. (30 cm) 

Wood : 




AMOUNT 



Too thpicks 

Wooden splints _ ^.Jl 
(or pop^s^i^qj;;^^^ cks y 

Blog^f^i wood (optional) 

<^Wozksh'eets : 



( 



\ 
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Wo r k sji e e t 
,Work shee t- 
Workshee t 
Vcyrk sheet 
W^tkshee t 
Work shee t 
Workshee t 
Wdrksh^e t 
Work^sh/ae t 
Work^'shee t 



II -r 

II- 2 
III -1 

III- 2 

IV- 1 

V- 1 ' 
V-2 
Y-3 . 
V-4 

V-5 
» 



15 
30 

78^ 
76 

# 

3a 




piece 



30 pieces 



24 p i-^ c e s 



90 

30 



1 piece 




MZfnSB'QUENCE 
K mn ACTIVITY 



11,4-; 11,5 
11,2; 11,2; 11,3; 
.11,4; 11,5 
V,l 
V,l 



V,2 



JII ,1 (hot) ; ' 
V,4; V,5 
111,1; fll , 3 



^ IV ,2 



IV ,4 



..... 



J 



is 



\ 



1,2,-1,3- 
111,1; ^11 I ,2; 
f-'ll ,.3 ,4;, 

il , 5 



30 




1 1 , 1 ; 


15 




i 1 , 5 


3 0-..- 




• I I/I , 2 
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III , 3 
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IV '3 


30 






.30 






30 




V,^3 


15 




.V,4 


10 
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THE MICROSCOPE ' : • 

In the COPES pr bg^ am ' magn i f i e r s ^re in1;r9duce*d i-n Kinder^gar ten ' 
and used subsequeatly whene^^er it is desirable, for children *to 
view enlarged, ^ma'ges . of the objects they are ihves'tigkting. - lit 
\.s HyOt until Grade 4 that it be cordis necessary "for •Idren to 
use/ a microscdpe in ord^r axamine^ the p'arts , or structural 
'characteristics of ob j-fect s ^%l5lien they are not visible ;with the 
Unaided eye'^or with a ma^ni f y iji\ glas s-. ' / "* \ ' . ^ 

vTher« are several dif feren't mi c i^s cope s that .are; sui-table , how- -. 
ever, the Bausch^and Lamb Elenverlta jry -Sciiool ' M'J. c'ros cgpjes have'»" 
been found to be e speCjia l ly- ,.adap^eab ie% ' •R/eg.ar dL^^ w^hat ki^d/ 
of microscopes are available -for your use>" thC^oll6wi-ng b^ck-S 
ground material should.be he'lpfu-1 in guiding chi Idren \s ek-pe r- 
iences with them, ^ - ' . ^ \-"- . " 

. • . ^ • \- • - ^ ■ J : 

What is a microsicop^? . Basically, a micro^c.ope is a <^^ice wKich^ 
has one* or more lense's w^^bich will p*rodui:e 'a magnified im^ge of." 
the object tc^. be -v-ieve^J^ Irt addi tion the mi'c^osc.ope pan be' 
used to con trW^'lj-ght with :"wh\ch, to ^vi-'ew an., objedfe^. As sa<rh 
you can consider a mlc ros c'6pe ' a$ two se^airat-e systems, a' m^gn 




fier system and ^n' ill-aminato^-r system.i.-\ Each --sy s te:rft nru^t* be^^^A^ 
sidered in making use. of you't microscTope, ''^ . - 

Whatsis the d^f^^^^nce. Jbetween a sjCmple and "coipipoumf mi'cs^"^ 
scQp^? Microscopes with a s-in"<jije ^lens\are 'ca'li§d. sijnpl.e' milprcv^"^ 
scope's: They* Are s^.milar to ordinary *;tn a giiilfyind ^las's^s-*, ^ 
though the c'urvatuxe. o^f^the llf-iis i^^'gre^tWr a^JL-^fng .gr-e atei^-' 
magnification than an.' 'or'din^ary magna fy:ingr glcts s .'"/" Tlia- image 
notjinverted ii\ simpJle mi crc^ cOp^s . , / Compo-unji mic'rostjopes 
two jlenses giving .-a much g^jeatex f^g^^^f • magjii fi.c^tfon,^ ^The f r 
image is in.verted in*.. compound; kiaf*6's copes 'featb. simple afv.d cfbin- * / 
pound microscop^e's can be .^us^d^'^'^^lf f t'iv'e ly\in ^ tK^ e^lfementa^y .1:0 r- 
s.chcjol. 1 The -<3rawing on vaqe 3613 ehovs thq parts of :a'^comi>6andf? • 
miorp scope. - ' . ^ * " . ' ^ . "* ' ' 

WhUt'is the illuminator systani^ shpwn ti\ the ' dr-awi ng , th^- *» 

light source or illumination -sy^.tem >s f^ouild Beiow the 'sta^^. 
It^m^y consis^t of e^ith'^r lectjrf^ (mirror^ or a^^^uijLt-; 

in ligh t^ ^u^ce . ' ^Each has 'its .-a^varVt.age^-' 'an'^d ' disadvan tage 
Tjie* simpiist i llumina tor.^ s y s tem^'^'cpnsis ts /of.^an adjustable .'mirrox;-. 
W'hi'ch* can co 1 le c t ligh t , f ro«m the. c^assre^m and " r.etle-^ f t ;^*thKougii 
the , specimen and ^the magnifyilig 'lenses tSf^ ill^s t£-a;^iQn*.^o.j^ 

page 363. "The 5\irror* systenr widl--.Vork well ig^youj^ 'c 1 arsTs r dtQin V. 
is well lighted *^ith"er by bv^^he|id"-*2,i^h ts or by n^a.^Ural . ^Mgh.^ 
through large windows. 1 f y our ' ro.6m nO^ well ll-^''hJted*ycru ma;^^ 
have to .use f lash li gh ts' 'or des'k' la^Rps /as a: 'sou;rce of iicr-lj:*. .far * ' 
your microscopes;* Of*t:o)>rse i'i ydjur iiiici^QSco^es" have* builj>^fn * 
i*llumina tots , you will nQt'have to wor ry^aJ3oi4tr/o th^T£3:J5^Ja<£* sxjurces 




0 • 



tube 



stage. 



nilrror 7 



base 




tube adjuster, 



mirrdr ad justip.knob 



Adequate lighting is 'a ' p r equi s i te to gooci T>iewing wit^iVa 
mi^cro^scope . If it; ^'a^nnot he provided in. your room, you should 
not attemp^t to u^e, the * mi cfoscope , , , ^ 

Vihat is the magni^ifer"^ sys tem? Magnification refers to the ap-* 
parent size of the objecft when viewed thijough the jnicroscope 'a.s 
^compared with rtrs actiua'l sj.ze. For example if^an q^) j e c t 0 . 1-mm 
i-n diameter appeared .to be 1-mm in diamelter when viewed with a. 
microscope, the micrds.cop^' wobld have a magn^^f yJL^ng power of JOX 
(10 times 0.1). Magni f i c a't i on may' vary from few diameters^, 
as'^Ln the simple microscopies, tro 100 times as in the compound 
mic^os.copc, to many ' thous ^n<^ of times in corfp lex $ ci e n ti f i c 
instruments. ' ' % ' ^ ^ • > 



i 



The magnifier system is^located in a tube above the^ s t^^age . ''In 
a coi?ipoun<3 mi.croscope^ two ^denses make up the m^igni'fier system. 
One lens is located atth^ upper end of^the tub^- in the ey< 
piece, and one is located in the loweF^'end of the tube, ir/the 
'objec'tive. • , * ^. 



What pxxwer of magnification is'-b^st? The higher^ 
magnif ic^-tioh , th^^ gre^t e r** mus f be the intensity 
illuminator system. Fur thermoif.^J^ high magni%ir^ 
more sJcill ^,o focjis upon Objects an^ to vie 



Most 
than 




satisfactorily; 



of the COPES Activities require no greater magnification' 
40X. -In a few instances lOOX woul'd be desirable. t is 



therefore recommer^i^d ,-t-hat jSome microscp^es of ^ach power 
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be made available. 



How should^ microscopes bh malrbtained^? Most elementary school 
irticroscopes are relatively sturdy instrum^ts. There is usually 
only one adjustor mechanism to^ be used imskocus ing . In the ; 
Bausch and Lomb microscope, it^^is located Tn the tube beneath \, 
the^ eyepiece and is operated bfy rotating/ The' exposed surface 
of lensestand the mirrorf should be clean before using the^micro- 
scope. When dim or b/uifred im^ages cannot be resolved by adjust- 
ing the light or focusing the microscope you can be sure that' 
some of the optical surfaces a're dirty'.. Dust can be removed by 
gently wiping with facial tissue. ' If liquid material^ become 
encrusted upon the surface of the lens,' soak the lens carefully 
with a wet tissue and then gently wipe it dry. 



Microscopes should: be lift>ed or carried on-ly' by the ?arm with 
one band under the microscope to support/ the base. See the draw 
ing- to locate the arm of^ the micros cope Show the children 'how 
'to hand^le gthe'- microscope to^avoid accideiHs atid d-amage to the 
ins trum'^ent . 

Wh^n not in use, microscapes should be stored in their cases or 
covered with plastic ba^s tc^ prevent dust and lint from setting 
,on therrr. Slides should be removed from , the stages of^ all micro- 
scopes Rafter they have been us.ed. "iSf^ the stage or other parts * 
of- the frame become ' soi le d they should be wiped clean before tha 
microscopes are stored. 



. / 
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SCIENTIFIC SUPPLY HOUSES 



Allied' Radio ^hack * 
100 N. Wes-tern Avenue 
Chicago, Illinois 60680 
(batteries, wfre'^and flash- 
light bulbs) \ 

' yp?- ■ ' ■ 

Amerce a P'^^'Scierice and Engineer- 
• i.^i.gi^i^; S . and E. ) 
2 0 ' O ve r 1-an d Street 
Boston; Massachusetts 02215 
(magYii f y ing glasses and ^ 
thermometers) 

Central Scientific. Co. (Ceneo) 
2600 South Kostner Avenue 
Chicago, Illinois 6{>613 
(school science s uppl ies 'and 
Ohaus equipment) 

D^mon. Educational Division 
80 Wilson Way 

Westwood, Massachusetts 0209^0 
(-20°C to +50^C thermometers) 



Edmund S ci e n tl^PW^ Co - 
150 Edscorp Building 
Barrington, Ndw^Jers'ey 08007 
(school science snapplies) 



Fisher S cie nt i f i c . Co . 
•'52 Fade'm Road' ^ • 

.•Springfield, New Jersey 07081 

(chemical's > .wire , and other 
• laborato^ry - supplies) 



Learning Resource ^Center^ 
10655 S.W. Greenburg Road • ' , 
Portland, , Oregon 97223 
'(heat^^g stands and other school 
science* , equipment) (This company^- 
was formerly known as Q^SI.V 

Macalaster* Scienti,fic Corp. 
Division of Raytheon Educational 
" Company ' ' ^ 

Route 111 & Everett Turnpike 
Nashua, New Hampshire 03060 -s 
(-20°C to H.50*»C thermoineters) 

Spientific Glass Apparatus Co. 
725 Broad Street 
Bloomfield, Ne^v^ersey O7003 
(fuYin^ls, filter, paper and 
other *la bo ratory supplies)' 

Science Kit / In c*. ^ ^ 
Tonawa'nda, ^New York 14150 
(school science s upp 1 i.e s ) : 



Selective Ecjucatio^al Eqi^ipmeijt 
3. Bridge Street * 
Newton , Mas sachuse tts 92195 
( n i* c'h r o m e .wire , iiv.e d i c i n e 
Sroppers, ,and magnifiers) r 

Sig-ma Sciehti'fic, Inc. 
P . d. Bpk 13 0 2 

GaineTsville , .Florida 3 2 601 
(school^scieace sujpplieg) 



.1^ 
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Scoring Guide for the Assessments 



This Scoring Guide is provided ^^sy' reference in evaluati'ng 

children's performances on'th.e screening assessment's. As noted 
e Isewhe re ^ fehes^ assessments- are oriented .to the mastery of con- 
cepts by" each vLld^ «ot • to the pos^ibLe objective of .differen.t- 
iating, or "grading", the children. Each ' *reache r should decide 
on /a quantity indejfc fox mastery, basen on^he time spent orv> the 
'Activities; the it^ms have been p-repared sro that 70% ^agre^ment 
with, the Scoring Gui*de would b^ considered adequate for a^-jgastery 
crit^rfon. Should the children ' s overall performance fall bfelow 
the.- criteria set by the tea cKe r , the- time spent on COPEsl' the 
teache#* s - preparation , and the children's involvemen.t in\science 
should -be /reviewed. ' . * 



I' 



pr e f'e ri 
class 




ed and 
is cussion 
if de- 



For each Mini s equence , selected commen*ts on the 
.alternative resp?onses are offered, as "an * aiS %o ^ 
of, the ^scr^eening as.sessments as a feedback ^f'or learnUng*, _ „_ 
si«red. In addition,* an example of a.small-st^p dialogue is pro- 
vided for one problem in eaJh 'Minisequence / fo^s^s|e as ap indi- 
vidual a&sessm^nt-ins truction for those* childrenNtfho do not show 
mastery on the ^s c^eening assessments* The teacher -may develop 
similar dialogues for othe r *]^roblems as needed^ 

■ , . \ ' ■ 



MINISEQUENCE I Screening Asse3sments^ \*, f 



. -PREFERRED RESPONSES 



PART 1 (only 1 part) 





I ^ 



ILji 



COffMENTARY ^ 




i': 

•"0 



5nt necessraly. 

tC^ yBhley d® have^ some si'mi- 
',--<lS!ri ty ,\'such^aj a kind._ 
'^o.f;rwall around the«i and 
ma|:erial inside. • ^ 

(A) Tfieife are -p.racti cally 
. no duplicates in nature, 
ever / but CB) they are 
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PREFERRE'D RESPONSE 




.C 



COMMENSPARY 



not usually greatly dif- 
ferent^ if from /the same^ 
part. 

4 . No commeitf; see ^oblem 6. 

*5. (A,B) Ceils are fotind in 

^ all plan}:s and animals. 

6. (A)^^tolecules artd .atotns 
within- all cells are 
sma 1 le r . 

ft 

/ (C) See problems 3 and 4* 

/7,. (A) No two cells are exact- * 
ly the sam~e~; ~ - - 
ft 

(C) They are^ more "al^ke" 
^ than "different"; 's*^e 
/'2. (C). ^ 

8. . (A,B) LeavQS and roots in 

■bheir usual* form are 
^ not fbund in all plants,* 
but ce 1 Is are . • ^ ^ 

9. No comment. * 



-a 

Aidividual Assessment, 
: An Example . of ja ^ma'll-S teji^ ^Dialogue based on problem '7 



r 



' Key 

T: , Teacher statemen/t or queGVion- 

: _ - ' * - f ' /V ''^ ^ ^ 

C: CHild's possible 'response 



T: 

C: 



Wha^t wouW you expect tb see if you looked 'at a potato-cell? 

Cell walls and possibly material inside 'such as starc^h. ' 

, Ti ^What would tell you- there was 'starch present? (Child may ' 

^ ne.ed tp^ ^e reminded of* staining technique.) . / 
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V 



C: The iodine stain*test^ whuch would color the* siarch parti^ 
ales in the cell^ < . . 

T: What would the 'banana' cells look like? ^ 

C:^ Walls' and^ stuff Starch.' • ^' ^ 

T: How could you tell there were particles of starch -in the 
*^ banana^ - ^ . ' ' ^ 



C: It was stained; y'ou could see them. 



^: Do the starch granules look the same in both^cells, except 
. for polor? 



iff 

'C; Whdt's a granule? 



'T: • A particle of the, starch: they were, darker, i ' ' 

^ * ^. 

C: •l^o^ th^\ r . granules .weren^ t -the same. ^ ^ ^ ' 

T: Are the cells the same size ancf'sliape? * . , 

C.\ Noy I 'gues^sPtJiqt^ ^ be<?ause 'they're from diffei'ent plafits. 

T; Right! 'Now, how are^i£he peMs from banana and'pdtato alike? 
Remember what you've/ tpldV me. * 

C: They hajbh have wall4atid some material inside:. ' ■ 



low afcc 



T: . What d^iT. i^pu^ say. \nbw afeout- cells andj^lants? ! 



C: Eve^ dif^^snt'.p^l^tsyhave <^ells^ ^nd the. 'ceils are alike 

.be'cause th'^y\*hcfiiejw and matertal inside ^ ^but^ they ^ cd.n be 

K different si^MyJ^nd/ and- have d i ffe re rhjTh OH in 

them. ' m.' 

T: Right you arei .^^{^y '^^ood^ ' ^ " . / ^ . ' 



.f 



/ 
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Minisequence '^II Screening Assessments 



^^g^FERRED'^RESPOWSE ^ 



PART 1,"^ 



1, 



4. B- 




{ ^ 



PART 2 

i\ ;c 

2 . B 
4 . A 



5. 



COMMENTARY 



Moi^e work is 'nee d^d^o 
bring Peggy to the top of 
the higher h'ill.^ 

No, motion, thus no kineti^c 
^ ef^erg^. ' ^ • 



Peggy ha'd more pofetitial 
ene rgy „to be ""con verted. 

More motion '4speed) means^ 
mbre^Ttinetic energy. 

(A) There is ^rio increase in 
potential energy 'going^ 
down--only when a body 
is being lifted against 
the forc^ pf gravity. 

. Both ,^irls 'are- on the- same 
level ; thus tidth ha-^^' had 
.the same net-Jwo'rk invesjbed, 
in them. ^ *' ^ 



1. Work = Force x DjTs.tance 
3 . , 100 X 3 = 3 X 100 



4. No distance was in^Slved ; 
. ^ thus no work was done, by 

^Mt Arnold. 

5, i^andy did not move any thin 
' through^ ^ distance; thus 

. sh^ did nOj^work. -(Actually, 
* unless she sat perfectly 



PREFERRED RESPONSE 



P^CRT ^3 



1. 



2 • 



r 



3. . B 



5. B 



1 , 



2. 



•3. 



- 5, 



ERIC 



370* 



.383 



COMMENTARY 



s,til3F' for the whole time , 
she.di4 Some wo^k , as hand, 
•papers, etc., require small 
--forces to move them.) 



■ 4 ^ ^ 

Bob worked to mp\^e himsel 
t^p* the/stairs.» "The eleva 
tor di<i the' work for^^Joe. 



"Potential energy*'is meas- 
ured by the amount of work 
done ^^np-^a tter who or what * 
did the work (required to 
brir^g' the boy to the third 
floor; Thus foi;^ce units 
are involved . More work is 
ire qui red to lif tj^ the heavier 
boy through tjie same di's- 
tance and t^Us he would have 
m^ore potential energy. ^ 

Joe's, ball would possess 
kinetic energy because/ it 
yould be moving/ but 
A^duld not be 'moving 
thus would have no kinetic 
e^Oergy . ' , • 




4 



two balls would -be in 
tjhe ^same posiJJ.on relative 
to the 6arth. tKu^ they^ . 
would have equal potential 
•energy.'' , • 

^ * • .. 

Even though J oh would have 

befen more tire4 f rpm run- 
ning, the, work^ i'S^>^- 
fine'd as force X distalice', 
and time is not inv^ol ved; 
in -this calculation) 



V 

Individual Assessment 




T: What did Deari Do? ^ ' • . . ' • . " 

C: Pushed^a table\ " / ' ' ' 

T: .How much force did it take'? ^ ' - * ^ . 

C: It isays 100' f(yrce' units What' s a^forae unit? * 

T:- Itr measures a pus h^ or pull. To .lift; an object, we have to 
. ' pull against* the ^6rce holding it* down. . Tl^s force is 

called its ^^eight. ,We measure it in jgram.s (or pound, units).,. 
Force must be exerted ^to pus-h an object. How f'at di'd Dean 
moye it?^^ * * , ' ' ^ } s ' * 

\ ' y ^ . ^ * : > ^ , 

C: .Thf'^ee* distance units^-are those like feet?. • ' • L 

y ■ - ' ^ 

T: Yes, like feet or meters or centimeters^ How .is a work*unit 
measured? , ' ' ^ 

In force unwi^s-^lOO of them? ^ ' 'n 

T: Would you do mor,e wofk if voy moved a- booJ^ „f rom yaur desk to 
the next one, or carried adross the" room? ^ - ^• 

C: Abvoss the voorn. Oh. distance' matters too!' . \. 

T: 'Yes indeed ^t( does. Now, how mtich' work did Dean do? ^ 



C: » Force units'^ixd distance lOS^'units?, l * ,^ 

T: Each force unit opei^ates through each di'^tahce' unit, so you 
have to 'multiply, ^ -not^ add: De^n had pus'h .the. .table yjj^h 
th^ same force" evfery'-fopt of the wa^.* , *• ^ • - ^ * ^ 

C: OK, 100 times Z is ZOO work units. ^ " . 'jk^'^- ' ^ 

T: 'Good. ^Now^ how ^bout Joe? * » • ^^^^ 

C: Less work^ only Z force umts. ) . • / 

.Only y force units, but what about the ^distance? Same dis-/ 
tance? • " ' . *^ * ^ \ ' 

C:^ NOj longer for Joe'., Oh^ I see. Joe^di^d Z and 100^ thatl^s^' 
ZOO work units-'-the same^ as Dean! ^ -X . . 

T: Rigfit on. ^ • ' , ' ^ ^ m 
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-MINIgEQUENCE III Screening Assessments 



PREFERRED RESPONSE 



PART 1 



1. 



2. C 



3. C- 



4. A 



3 . 



COMMENTARY 
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The pracess of^ melting in- 
volves the breaking away of 
the molecules from the, 
binding forces holding the 
*solid in a set form. 

(A> At the moment of "melt- 
ing," solid and liquid 
are at the same tempera- 
ture. ^ 

(C) There is no source of 
additional molecules 
(matter is conserved)!'*^ 

To^ "melt," the bindi^ng 
forces' in the solid must be 
overcome ; th'e .addition of 
heat energy provides the 
energy for the molecules to ' 
break away. 

(A) is the only ,ca^e ex- 
pe^rienced by the dhil- 

' dren so far. » 

(B) is^ always the c^e-- ^ 
otherwise the solid 
would not go into a 

, liquid^ s ta te . 

A mq^re rigorous e^xplanation 
at a higher l^evel could be 
given but the molecular or 
"parts" level .wi 11 suffice . 
for the present. \ , * ^ 

(B) This re actio n\ is not 
true for NaCi/as they 
observed. 

.(C) This, description is" noytj 
true;' the mo*lecules or 



V 



^ PREFERRED RESPONSE 



5: B 



6. A 



7. C 



ERIC 



38-6 



COMMENTARY 



parts' af salt leave 
^from the outside of the 
crystal--very rapidly . 
The interaction occurs 
from the time of con- 
tact of salt and water. 

5. (A) the temperature drop 

will occur with salt at 
room temperature. 

(C) no apparent loss in 

water was observed. If 
some *did , it would be 
too small to cause the 
observed temperature 
drop. 

6. . (A) Rain would dissolve the 

.s-alt's, leaving "clean'* 
gas^hes and pits . . 

(B) Salt in solrd form wi-11 
not -evaporate readily, 
especially when o^ly^ 

e xpos ed to the sun. 

(C) Animals would^ seek 
rounded extrusi'&ns, in 
covered, areas. Even if 
they used' the outcrop**- 

^ as a salt lick, they 

would be unable to cl^an 
out great gash;es and 
pits with tongue, ^hoof , 
and/or claw. 

7. (A) Their e^dperiences \howed 

\that onTy under certailn 
conditions were solu- 
tions saturated. (ex- 
cess solid, etc.)^ 

(B) No,, it /depends on the^ 
cqmposition of" the salt 
and the ratio of salt t 
to water. 

(C) True for all sol.utions;^ 
* the binding forces with- 
in the solid salt have 

^ ' ^ 373 



PREFERRED RESPONSE' 
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8 . B 



9 . C 



PART 2 



1 . C 



\ 



2 . B 
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been broken and the 
molecules are fre^e to 
'move without the res- 
t-rictions ss>t the solids 

8/ This is a saturatecf' solu- 
tion;* since ^np moife salt 
^ can - be disscrlved;-no more 
heat , energy is y,sed, and 
thus no temperature change 
' • r e s u 1^ s . * [ 

9. Some of the wat^ molecules , 
"at; the surface go off into 
water vapor, at any tempera- 
ture; thi^s loss may create 
a supersaturated solution, 
momentarily from which salt 
so6n pre^cipi tates / reforming 
crys tals . ^ 



I 



r 



This procedure Is a common 
way tp establish a super- 
saturated solution- 

(A) In a supersaturated 

solutioh;- tfiere is no. 
solid prebipita1#e. 



(B) The tempe' nature is 
higlj for ice. 



too 



CC) No change in appearance 
from' saturated £o super- 
saturated solution. 
Both are all liq-uid. 

(A,fe) The heat energy lost *" 
during^ t^e pooling down 
in the' refrigerator is 

. ^ being restored from an 
outside source and 'the 
^ system is thus res^tored 

^ to it;s. original tempera- 
ture." 



PREFERRED RESPONSE 



C ' 



4. 



COMMENTARY 



(C) There are no crystals 
to go. into solution. 
See 1. (A) above. 

Adding hypo, to' a super- 
^saturated solution; of hypo 
'v)t)uld cause precipitation. 



(A) This is incorrect, as 
the re wou Id be a chanj^e^- 
precipi taction occurs 

(B) This is incorrect' as no 
heat energy is, taken 
from -the water;, no dis- 
solving is taking, place. 

• In fact, it is quite 
likely ,that the tempera- 
ttlt^ would increase, 

,(A) This is an inconsistent 
explanation; adding - 
heat energy weakens 
bonds , ' * ^ 

(B) There is no mixing of 

X and Y to equalize the 

♦ temperatures; <fiven mare 
♦ inform^ation, it might be 

possible to c'omp u t e the - 
amount of^salt* to be 
' added which w^^u Id result 
in X 'and Y having equal^ 
temperatures , but that^ 
is beyondV^is activity,^ 

(C) This explanation' ds con-, 
^gistent; precipitation^ 

releases heat e'nergy^^ 
which would raise th^i- 
^emperature 'o'f the solu^ 
tiqn ; i"h ^ * ^ 



5^ 



388 



This p rob I em is best dis-'; 
cussed in stag*es. F;Lrst, 
after'4., y/hi^qh is the co^ol-, 
er system?^ I't is X^ W);iat* 
is the ^ s)ta*te/ of YT^ Itf'is 
saturated,' as only t'l^e ex- 
cess salt precipitated-, 
N,ow , if. the teinpe ra t ure of 

* . ■ ' 375 



■ • • • . /■ 

preferreB" response 



6 . 

7 . 
V 8. 

9. 



/ 

B 
E 



\ 



r 



COMMENTARY 



the cooler system, X, is 
brought ,to th^ temperature ' 
of.Y, then X is de\finitely, 
unsaturated, but T is still 
saturated. Adding ^4lt to 
X until it is -saturated 
will surely decrease its • ^ 
• temperature as mqiffe s'alt 
dissolves. Adding the same 
salt to y will cause no, 
chan^^.. It will simply add 
to ,the excqs's solid already 
in that system. 

(A)' True, see above dis- 
cussion. 



tha^ 



(B) ,No change; thus,- the 
temperature of Y ab uld 
not be the same as 
^of X, which decreased. 

(C) contrary to (A), ob-' 
^" viouslywrong. 

6, 7, 8, 9. These r'esponses 
are consistent wi-th -th^e 
-*d^ia9ram used in the Activ- 
\ ities. See that discission, 
for e lab orations. 
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Individual Assessment 



•Two smal 1-step dialogues arfe proydded 'for this Mini s.eque nee . * 
Dialogue A is intended for /those children who have some diffi- 
culty with the fundamental 'ideas in Paj>t 1 , problemV 1 , 2 , and\ 

,,.^3) . Dialogue 'B is based on Part 2, problem 5. . ) 

Ifi alogue A: • • , - . ■ / . 

T: Can yod "tell me. what three 'forms , or states, of patt^r'vje 
know about? ^ I ' . - . , 

T: What^are they?' . ^ * . ' 
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^1 



c 

T 
C. 
T 

Ci 
T: 



So 



lids ^ liquet as ^ an 



a gases, 



Give me example of the same thing in all three states. 

Well^ wood is solid; water, is liquid; an-d air is a gas.' 



Those are q&bd examples, but try to think of three states^ 
for the same silbstance. How about solid water?* 

Oh, I gei it. You mean ice . . ^ \ 

Yes, very good.. Now how abojit wa.ter as a gas?' ' , . * • 



1 i '\ 



C\ ^Steam?. Clouds?- 



C: 
T: 



Pretty close Steam and clouds are water- droplets , not 
r'eally &as . But when they disappear, or when it's very 
muggy -^fter a rain.... 

Yeah, high humidity like the ^guy says on the. TV. 



Right; water vapor 4s really tiny units of water suspended 
■in the air;^we can't see* them, but we can -tell they're there 
by measuring how much water will evaporate; if not much does, 
then we say the^ humidity is. high; there ' s'^already almost ajs 
much wate^ vapor as Ae air can hofd' fo^^ its temperature. 
We might say the air is saturated with water vapor. What % 
would happen if yoju tStke. he^t energy away--if it gets cold? 

C: Jlain? So if you have wat'ev vapor,' and you take heat energy 
^ away, yow get liquid water? , * • , 

.T: 'That's it. And if you taXe heat energy away from liquid • 
^ water? . ' . . 



Q: You get ioel ' . 

^: .^What do you think now about different' states of matter and 
heat energy? , • • * 

^ C:. They'r'e really related. Does. thai go for metals, too? 

T: Yes, the relation is the same. When a solid melts, or turns 
to 'li^^uid; then* heat energy has been used to do it. Mo'st 
^metals" melt at much higher temperatures than ice do9s, and 
- 'they turn to vapor at muc^ higher temperatures than water 
^^^ ^o es « ^ ^ ^\ 

C: (yhat is meliing realty-? . - ' ' , 

\T:^. Now you're- asking me to tell you about another idea — mole- 
' cules* ' . * ^ . 



C: OK, what^ a molecule? 
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T: A molecule is the smallest amount of a specific material 
there '*can be/* and still tell.it^from molecules of other \ 
materials,^ They are very very small, but each molecule of 
rhe same material is very much' like* every other molecule of 
thkt material. ' ^ ' ' ' . 

C: ^^en how'dp^ we get big y.iea^s of things? 

T: Mostly molecules -are moving when some molecules ,get close 
enough together, they'seeru to attract each other and bind- 
ing forces ^hold 'them together. These binding forces cut 
down their ability to move, about -freely . When many molecules 
get together in a' set pattern, we usually call that kind of 
object a solid. How strong the binding forces are'-4.n dif- 
ferent materials depends mostly on the kind of molecule, it 
•is. - • ' 

* *..^ 

C; You said that solids hhd strong b^indvng forces betfieen^ the 

-rnoleoul^s . What does that ^ have to doy^i^th^^j^e I tip^g^^ "'^ ^ 

T: Well, what cJo you think we have to do> to gefe'^'knaterial , f rom 

a solid state to a liquid 'state? Are -th^re binding forces in 
Irquids , too? 

C: . Yeah^ I suppose there ave ^ hut they would, have to be weake:^ 
than the forces in the solid. ' ( 



T: Why is that? ^ , ' . 

C: Because the liquid runs around more. The molecules aren^t 
so set in position^ hut it^s still kind of together . 

T: You're right. Binding forces in liquids are weaker than "in 
\^ solids of the same material. How could we make ' them 'les^, 
br weaken those bonds? What happens to ice, or a candle,? y 

C: You heat it-^add ^heat' energy--and solid goes tO' liquid^ so 
keat ene-rgy must work a-'gainst the binding forces. \ 

T: Beautifu:^! 'Now let's look at those three prcjjrblems you were 
working on.. What do you think is the answer to number 1 
' now? . ' 

Cr- I think because^ if tl^e bindi^na forces are less^ in a 
liquid^ the molecules should mov§ more freely. 



T: 



, That's it. Molecules move more freely at higher tempera- 
tures . I 



G: Then why isn*t A a govd answer? ^ , ^ ^ ^ 

\T: When a solid is changing its stat#, the mix of solid' and 
^ ^ liquid is' all 'at the same temperature.' When everything has 
changed to liquid*, then, qipplying more heat^ energy Will ge^ 

^ 378 ' ^ ^ - * ' • ^ ^ 
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T 

c 



you a* higher, temperature in' the liquid* How about number 2? 

Both A and B are right. You said 'heat energy lead, to solids, 
melting^ and we talked about tJze - binding forces getting' 
weaker. . * * : 1 ^ . 

Great. Now how about numj^er 3? It's a little^ different. 

Salts 'are solidy 'right. ^ i . | 

Yes . « ■ ' ' ' • ' • ' V 

'So the qoMd is liquefying. Somhifhing ^isyWeakenin^^yits 
\'binding forces. ^ . ^ ^ \ 



Right. And..'..? * 



C; *Maybe it's getting h&at en'ergy from someplace. Cart it get 
heat energy from water? 

T: There's heat energy there 'Yes, it can. Some parts of the 
salt can get^eat energy from the water and some ^'rts can^- 
link up with parts of the .water more strongly than they did 
with the other parts of the salt. - ^ 



-9 



^C: Wild. Then there's less heat ene-rgy in the water?'* 



.Yes. , - • . ' 

C \ But t-he.^ same amoun^ of water?- ' ^ - "*'" * 

f ' l' ' ' ' ' . ^ 
T: / Yes/ t . - 



iL,K.§£^'*^^^ ' ® teTTiperature decreased when you put the 

^ sal':i^^- the water??'.' ! ' . T --^^ -^'"^ ^ 



YES! 



Dialogoe B, 



•T: Let's go thrqugh number 5, ii^ Part 2. First look at number 
• 4. . ^ 

* 'OK.' % c ' ^ \ 

T: l!he right answer for number 4 was alternative C. The liquid 
in which th^ temperature increased had been supersaturated/ 
so when a littJ^ salt was added, ^a lot precipita^ted and that 
released the extra^ energy of th^ dissolved molecules as^h^at 

* ejiergy. • m • 

y / ■ * ■ •'• 
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OK^ I under sia72d that fart. . " ' ^ ^ ' 

Nowi Phil warmed up the cooler ;s^Ystem. Which one was that? 

• System would be cooler^ as stated in question 4, 

« OK. . NqW what abfout the/saturatlon in these two systems? Is 
X saturated (With the s^Jst?^^ . ^ 



C: Pr^otably. He put ^alt in x in -qlAestlon 4 
T: 



But, is A'^sati^rated wil^h-the salt? How can yoii* tell whether 
a solution is saturated?* ' ' . 



C: 



Whether, ih^re is' a precipitate^ or anij solid left over, ' 
Was there? " • . ' 



1 



Didn^ t say , 

T: 'Even if X were saturated/ would it be after heating? 

^ C:. What'*does temperature J^v^ to do^wiih it? • ' ' ' ^ 

. - T: Remetnber jvhen we talked about why tHe "temperature, decreased 
when salt'^was added? ^ ^ 



C: 

T: 

C:: 

T: 

C: 
T: 
'Cr 
T: 

C: 



Oh, yes.- Something dbout heat energy being used to free the 
salt molecules ' from the, .binding forces in^the 'solid. 

.R^gh^. Sp if we ydd moiJili» h^at energy? * ^ j' 

There will be more heat energy available to- free more mole- 
cules, so more salt will'^go into soliktton. . , • ' p->»^ , 

Very good". 

/ \ . • . • ,1 

Mo. ' Lots oj\room for more salt^^ 

^That's' the idea.* Now , *what^ about System 7?^ * / 
Wellj it was .saturated in th^*' fi^st p*laoe. ^ ' 
But didn't a lot of salt precipitate? * \ ^ - ' 



So is X saturated after it's heated? 



Yes ^' ^but not all of^it. 



\ 



T: Why not all of it? 



•A 
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C: • It means that even though some salt pre»oipi^ated out^ what 

J stayed in solution was enough "to' make it satiXrated. ^ ^ 

T: Very good. So* now X is unsaturated, and Y is saturated, and 
3-80 ^ ' . \ * ^ • . 
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C: 



both are ab the •sal^rte temperature. Now what happens?^ 

C: Phil add^ enough salt to saturate X, * 

* \ * 

How would he knoW when to 'stop? 



•*r?2e salt would' begin^ to go to the bottom of the container 
without dissolving , 

And what would happen to tha tempera tu#^? 

h)ouJ.d decrease because the heat energy was^meeded >to free 
'the salt^ he added so it would dissolve. 



T: Meanwhile, what'.s happening .with System Y?, 
C: No^thing . ' . - ^ 

T: Nothing? By^t a lot more salt was ' added. ? 



C: OK. • But the system iias already saturated^ so adding .more' , 
• , Sd^Z^t would oust*mean it would fall to th4 bottom without 
, dissolving and collect in the, bottom with the r^st. " 

So which alternative for prol?lem 5 would you j^ick? ' '^^ 

I'd piak^ A. The' temperature, decreased'. But no tem'pei'ature 
, \ -change h'app-ened in .Sy-stem so the -two temperatures ■ oouldn ' t'- 
\' b£.t.he'^ame. They were bej'-ore, but X decreased and Y' didn't. 

,T: Right ydu ar^.; Now we can go on. ' 



T; 

C; 
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MI^JrSEQUENCE ^IV Screening Assessments^ 



PREFERRED RESPONSE 



PART^l 



1 . B 



2. C 



3. 



f 



COMMENTARY 
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{A,B) If the cpnversio^ 

rom po ten ti^al en« rgy 
. ki^netio energy were 
perfect, rio heat energy 
would be produced. The 
le^s the heat energy 
produced, the more ■ com~ 
plete is the, co*n version 
into kinetic energy. 

(A) No chemical change 
^ ' ' occurs . 

'{B,C) As the ball isL moving 
• up > it po ssesses kine- 
tic energy. Some of. 
the elastic energy is 
Converted to- h^t energy 
as the ta 1 1 - rejban 
from tsdie ground. 



ds 



3. (A) Friction produce^ he^ t 
".energy^ 

(B) We should he concerned 

. ^ with the amount of heat 
energy expected in a^ 
sy.stem from 'anij source, 
as^well as frictio/i^ 
e.g. / crys^tallization 
in Mini'sequence III. 

(C) Tfffe^e qualities are 
somewhat r-elated to 
friction. F*or example, 
lubricants reduce the 
rubbing . a ctlo'n of- fric- 
tion in the process- of\ 

. smootNhing the energy • 
^ conversion, "but. do no^ 

* comple'tely eliminate it. 
^ Hence choice (A) is 
best. * 



COMMENTARY 



The battery 'is an' electro-* 
chemircal Source o'f efie'rgy , 
which, when- connected to 
the' car, re'sults in moving 
th-e car*. ' Thus , the car now 
poss^sse^ kineti'c energy, a 
(As the' car m<t)ves-on a sur- 
face*, of coyrse, some heat 
energy i s^ also prodii'cred) . ^ 

At tlj^e top^ pf • the incline, 
the' stationery car possesses 
pdtential, energy due^' to its 
positionr-cail^d gravita- 
tipnal potential -energy 
since it was^ lf.fted there 
agains.t gravity. As ttie . 
car runs'dqwn the incline, 
the potential energy it\had'd 
acquired^by Dean'^s doing 
the 'work to .place it^ at the 
top is c6nver.ted tb the * 
kinetic energy of the move- 
ment. ' * ♦ * 

The .rubbing -action between, 
the wheels and. the surface 
an v^hic^ the^car is rolling 
(called friction) results 
in . the production of ' hea.t ♦ 
energy* -Thus , some of* €he 
kinetic energy is converted 
to'^lieat* efiergy/ ^This heat 
energy has ..nothing to do 
with the position of the 
pa/r,. and 'thus is ^nrelaCed^- 
to its* potefib'l^l energy. ' • 

# ' " r • r 

(A) Exerci'se mean^ movemen t ] 
^ - ' ^hus Jcinetic energy as 

assoqiated with ^14:. The 
energy #stor^d -in 'food is' 
ch'emical energy which is 
^ > convejrted ±hroug*h tH^ 
motion into kinetic 
. .energy. • • * 

(bT- Vi^rou'S ex^rci se pro- 
duces^ heat energy, as 
experience tells us,. " 



P^REFERRED RESPONSE 



8. A 




^'PART 2 



1. Box A: 1 



COMMENTARY 



(A) 



(B) 



As the chemical energy * 
is converted in our 
muscles, some. heat ^ 
energy is. always pro- 
duced. 

Th§ heat energy pro- 
duced is useful in rais- 
ing the temperature 
within the closet, thus 
reducing the htimidity. 
This wiir^ed^c^ any 
tendency for mold to' 
grow \u 

If-one simply V7ished to 
find thing^', he could 
turn on th^ liqht each 



t time . 



.(C) No mo tioTr is involved , 
except perhaps a slight 
and inconsequential 

' • amount of air 'due to 
Gonve c tion . ' 



r 



(A> 



^As 
this 



The sqow melts bercause 
radiant energy is ab- 
sorbed by ' the snow ai'dd 
i ^ conve r ted i'n to he^at 
energy; 9IS it runs off* 
into lakes , the mobiOTi 
produces some kinetic 
energy, so Statement 5 
is also possible 
the s now absorbs 
added he a t ene rgy and 
melts, some may consider 
the increased energy of 
the liquid as chemical 
energy . (choice 7). How- 
ever, 'the ideas djsveldped, 
refei: to the jadded energy 
of the liquid, thus 
Statement 1 is coasider- 
ed primary . ^ 
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PREFERRED RESPONSE 



Box^B: 3 



Box C: 2 



. Box D: ^6 



Box E: 7 



COMMENTARY 



(B) The motion of the tur- 
bine - kinetic en'er'gy - 
ends up as electrical 
energy--as the state^ 
ment says. 

4 (C) WhLLl^ in'the lake, water 
has potential ene^rgy 
'due to the position of 
, the lake with respect 
to the lower ground 
where the water spills; 
the mpvi ng water has 
kinetic energy. Thus^ * 
the conversion is from 
potential energy to 
^kinetic energy. 

(D) Electrical energy pro- 
duces'light, which is 
radiant energy; also, a 
substantial amount ,of 

irlieat energy ±s produceui, 
as the experience of 
* touching a light bulb 

will confirm; there is* 
no statement deali^ig 
- with the conversion of > 
' electrical to heat 

energy; thus (6) is tthe 
best* choi ce . ' 

(E) Through photosynthesis, 
j31ants/use (convert*) 
radian/:' er^ergy to chemi- 
ca 1 ^ur'ceS o f ene rgy , 
as the^y grow a'nd produce 
such things as carbo- 
hydrates • * ■ 



There a^e no events 
conversions 4 and 5, 



for 



Description 1: ConversrBn C 2.1:C 



The radiant (light) energy 
is absorbed by th6mwall 
'completely, thereby warm- 
ing it. 



Des . 2 t Cox^v , 



2 . D 
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The motion of the hands 
is, con verted to heat as 
they arei- rubbed tfoge^ther 

385 



PREFERRED RESPONSE 
Description 3; Conversion 'A 



Des . 4 : -Conv . E 



Des y 5 : Conv . B 
\ 



COMMENTARY 



I 



3 : A The chemical energy of 

. the battery is converted 
into li^h-^t, or*radian:t 
energy^Of the jglowing * " 
^ulb. (Note that heat 
e.nergy is also produced. ) 

4:E Added heat energy in- 

creases the Energy of 
• mcxlecules' of water which 
boil and form steam. As 
the steam ^f orms , the In- 
crease in pressure then 
moves the piston or tur- 

' ^ * bine of the engine; the 

mo.ving parts possess 
kinetic energy. 

5:B The rock has (gravita-^ 

tional) potential energy 
by virtue of its posi- , 
tion.. As it "drops," 
it comes closer to the 
ground "feo its potential 
energy is le s s ; ' howe ve^r , 
the propping rock, in 
motion, has' kinetic 
energy- 



Individual Assessment ' - , ^ 

For thes^e children who do not meet the teacher ' s ."^standardsj of 
per.formance on th§ Screening Assessments we suggest a^^r^view of 
the definitons of the different forms of energ^'y, p^esejited in* 

the Activi*tieS| and individual di soda's s i ons of the Serening 
Assessonfientr item&, with some elaboration of^ the discussion given 
in the Scoring Guide for the pref err^^4^nd alternative responses, 
No small-step dialogue example is offered for* this Minisequence . 
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MINISEQUENCE V Screening Assessments 



PREFERRED RESPONSE 



PART 1 



SITUATION A: 



1. • C 



2. -C 



9 



^ 3 . B 



\ 



CpMMENTARY. 



(A) No re^^n 
f erence • 



in- 



(B) An example of the 
bier's 



fallacy- " " 
because D is down 
drawing is no reason 



gam- 
Just 
in the 



it on the 



(C) 



2 . 



(A) 



V 



(B) 



(A) 



(B) 



not to* expect 
ne-xt drop. 

• . ♦ . \ < 

'Any of the four face.s is 
equally likely, hence 
one cannot p3f"edict. 

Strictly speaking, this - 
alternative is true on^ly 
If the tetrahedron is* 
unbr^s^d--that is, not 
-^influenced to" land in^a 
particular way; By 
analogy with the cube, 
thi^ is a reasonable' 
assump ti on'. 

\ 

This statement repre- 
sents the theme of Activ- 
ity 2. • " • ' 

This outcome' has a prob- 
ability of (1/4)' X (1/4) 
= (1/16) , because .a 
single ^f ace is specified 
on each drop," and the 
probability of getting 
a pai^ticular face on a 
sin^^le '^rop is 1/4.' 



Each' oi the* two out- " 
comes, l[B,D) and (D,B) 
has a probability of 
(1/16) but either is 



\ 
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acceptable 



in the wording' 
387 



PREFERRED RESPONSE 



4. 



Most likely sum 
Its probability 



5 

4/16. 



r 



SITU ATI OU B. 
1. A ^ 



4. 



COMMENJARY 



of^ the al t^rn.ati ve . 
Thus the probability of 
either (B, D) or (D,B) 
is 2 (1/16) = (l/8j 

(C),This outcome aLso has a 
probabi lij tyvP f (1/16) , 
for the ""same ri&-%son as 
•in (A). 

See Filled-In Table below. f> 



Face 


1 


. 2 


3 


4 


■1 


2 


,3 


^ 4 


5 


2 


3 


4 


5 


6 


3 


4 


5 


6 


7 


4 


' 5 


6 


7 


8 



There are f-our 5's'in the table ^ 
of 16 sums above. J , 



(A) This is the simplest 
^ inference that one /can ^ 
make and is probably 
correct/' It is po^siJ^le 
that there are maijbles 
of other-*oolars stil'^ 
i'n ''th*e bag undraw/i after 



'14 draws^ but 
.very likely. 



it 




^B) 



This response'may dis-^ 
tract those who believe 
that the number of ^ 
categories (here three . 
different colors) always* 
.determines how frequent- 
ly it should aj)pear in 
a tally: \Rather, it is 
the percentage of each 
color that de terjnines 
its frequency in aiiy 
given samp lir^g . 
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PREFERRED RESPONSE 



2. A' 



/ 



(C) 



2. (A) 



(B) 



\ 



SITUATION Ci 
1. C 



A 



COMMENTARY 

\ * 

There. are at least 3 

r • 

marblies since three ' 
CO lor s app^are d on the 
' dra^vs. However, there 
could easily be more 
than three .and still, 
give thjs same result on - 
14 draws ♦ • 

The frequency 5 for the, 
blue marbles is appr ox- 
, imately 1/3 df the total 
^of 14 draws. It fol- 
lows t>hat 1/3 -of. t^ie 
marbles should be blue, 
and 1/5* of 6 is 2 . 

The children should sej 
that drawing the same 
' marble more than once 
is also a possibility; 
this alternative is 
consistent with' the 
statement in 1 (B) 
above. 

From (A) , there is 
enough information. In 
this type of experiment, 
one^'Vill rjever know for 
sure what the population- 
consists of unti'l one 
looks, inside '(if that 
is possible ) ^ 



(A) 



IB,) 



The result is possible , 
as would be any result 
in which' the four fre- 
quencies added - up' to 
60) however, it is un- 
likely, if one assumes 

the spinner is unbiased. 
■« 

The results are statis- 
tically, as well ^as in- 
tuit i^*ely , more extreme 
than mqst woulH consider 
"chance. " 



PREFERRED REjSP.ONSE 



2 . C 



\ 



S * 



3 . B 



PART 2 



Situation d: 



1 . B 



^ 



COMMENTARY 



(C) The spinner is cTearly 
biased. It is not 
necessarily Naflcy or 
Joe*s doing, but may 
have .been a fault in 
the manufacture. 

(A) The probability of this 
' outcome is the product 

of the separate prob- . 
abi l^^tie s : ( 5/6 0 ) x 
(30/.6'o) = (150/360^0),. 

(B) The probability here is 
(15/60) (15/60) = 
(22^/3600) 



(C) 



(A) 



(B) 
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The prpbabili ty here is 
(45a/3600) Since the 
total of 60 ^pins is the 
same for each prob- 
ability calculation, 
.same chilclre?i may in- 
tuitively realize that 
the pair B, C is most 
likely because B and C 
both had the greatest 
frequencies . 

This outcome indicated 
as unbalanced spinner, 
such as .was initia}.ly ' 
described in -this situa- 
tion. ... 



This putcome 
e xp e c 1 6 d . 



would be 



(A)' This interval is t^ie 
•'range, and is not pre- 
cise enough. 

^^(B) The most frequent height 
falls in the 46-48 inter- 
val , so "about 47" is 
r9 



PRJEFERJ^ED RgSPONSE 



r 



COMMENTARY 



the best choice . 



(C) This height is near the 
4verage, .but is not 
most frequent. 

(A) There probably are some; 
eirrors of measurement, 
as they are general ly 
unavoidable. ^ But many 
» errors of m,eas ureme*n t 
woul4 be unlikely, .and 
the result would not be 
bimodal. 



(B) 



(C) 



(A) 



(B) 



The fact that there* are 
twp peaks ^in the histo- 
gram ^disodlints the * 
possibiliiby of\*the chil- 
dren being 'from the 
same population. 



If two populations, af^e 
Involved, see (B) , then 
ajge is a reasonable ex- 
pu.an,ation, as it is 
highly^ correlated with^ 
height in children. 




If age is known to be * 
nearly the same, it can- 
ngt be used to explain 
the observed differences. 
(A) is a good possibility, 
however, because sexT is 
also .correlated with 
r^ei^ght in fifth-g^ade 
children. Checking the^ 
numb^ -of ^cases -.above, 
the "saddle" .in the high- 
er height interval, the 
frequencies, from trie 
right , add up as 
5+10+15+10 , •'or about 40 
in ^ the "hump . " ' 

Variation this marked is 
rarfely due to sampling » 
alone;, there will be ' 
sampling err.ors in both 
girls and boys if thay « ^ 
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*are consi3er*ed repre- 
sentative^of all fifth- 
grade children. 

(C) Uniform age (Joes not 
necess'ariJLy pimply arllf 
even dis t'r"ibution ^f 
height.' 

. - ^« 

(A) ,As^.in probleth 3, <h(e) 
one, kind^of homogeneity 

. ^ does not^mply other 
■'^:kinds; from the tiafca * 
^shown, theire are cl^^r- 
'ly mo're chi Idren wT^bV 
won about 47' games than 
won, say 4 52 games* ^ 

(B) Training"" is a good ex- 
planation for different 

\' levels of performance. 
The r^ghti hand' "hu/ip" 
accounts for 0 , more 
or less, whiclr, is about 
half^.q'f the total group^ 
of loo children. . 

(C) Obviously/ success in 
'playing check^^js cannot. 

be due to chai^x;^ ^crne. 
Some .skill must'also^be 
involved. 

: ■ • 



{'A) TjiiS' procedure will re- \ 
suit in only one inter- 
val dr ma1rk ok the scale* 
Even, if 4 more ec^ually 
spacfed marks were, mcide, 
ii;* would be do^ubtful, - - 
because a r.ubbe r band^ 
does not'streteh uni- 
formly. ' . 

\b) This procedure i^s mo,r e 
valid,lbut is^ nol: as, 
♦ use f ul as ( C) . 

(C) This £)rocedure proviH^es 
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for both different ma^rks 
.'for diff^ent '.weights 
. and ^for averages atr^^ 
e^ch ^pos i ti on ; aVe rege s 
are mpre useful as pre- 

\ 



da c tors I'than' single 



I mgAs.ur^inen ts 



1. 



(A) Non^ < 
necesj 
band i 



if the ""methods 
iarily ^treXch^ 
its limits 



the 



3. 



(B) As stated in (C) of pro- 
blem 1, this p^oQ^ure 
allowG for error of^ 
measurement and' for de~ 
Greasing it's effect by* 
averaging the repeated 
me asuremen t s . 

(C) The preferred response 
An problem l.,(C), is 
actSially the hardest ,to 
do,, but presumpably the 
in ve.s tmenj^in time would 
be worth it. 

(C) iyS preferred because the 
a ve rage * j>os l^tiops ared 
»^clearXV separated, and 
the §rrors of^measure- 
ment ate relatively 
sma 11 • ) ' * 



No smal/l-st^p dialogue example is offered for this ^inis equence , 
because g^'^fehe ex^amplps for previous Miniaequence anjd the very ^ 
detailed <3ils emissions in the commentary for the Sc^e'^ning Assess- 
ments aboveA 



406 



393 



Worksheet and iS^psesscnent Pages j 
^ for- : \, 

Duplication 



4 



r 



395 



ERICI 
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RAMP 

INCLINE • 


HEIGHT OP^ ' 
' MARBLE WHEN 
RELEASED (mm) 


AVE RApE DI S- 
TANCE SLED ^ 
MOVED ^(mm) 


WORK DONE- - 
ON, SLED 


PPT 7iTT\7l7 

KINETIC 
ENERGY 


POTENriAL 

Energy 
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, Name ; 



< 


SALT ' 


^TEMPERATURE OF THE 
'salt-water SYSTE/1 


CHANGE IN 
TEMPERATURE 


OBSERVATI ONS 


start 


Finish 


WITH ^^TIME 


1 






- ■ ) 




2 










3 
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Name J 



Before- Heating 



TEMP. 



'C TEMP. 




Salt 
1 



cdfJTROL 



- Before fte^^r|g 



3 



r 



Salt 
2 




CONTROL 



After Heating 



TEMP . 



CONTROL 



After Hfeating 

V 

TEMP. ^C TEMP. 



\ 



CONTROL • 
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Name: 
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ttHE (MIN) 


TEMPERATURE (^C) 


OBSERVATIONS- 
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Total 


change in tempeature: 
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WORKSHEET V-1 



^ Sampler ' s Name: 



^ , ^ • "Recorder's Name: 
Sampling Colored Marbles, 



DRAW 

1 . 

2 

3 
. 4 
. 5 

6 

7 
, 8 

9 • 
10 



SAMI 
D T? n 


^LE 1 

n T TTTT 
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SAMP 
RE D 


>LE 2 
B LUE 




^^N^ 







































SAMJ 
RE D 


?LE 3 
B LUE ' 











































TOTALS 



MARBLE 



RED 



BLUE 



Tally jEor Totals 
DRAWS - • 



' Analysis of Data 

Variation in count of red marbles: The' range found - irt' the three 
samples was from ; to red. marbles. 



Combination of ^the totals of thr^&^ samples : 

' ' RED' 

SAMPLE 1 ' 

" ^ " SAMPLE 2 ' / 

SAMPLE 3 • f ^ 



BLUE 



Cqmbinart:ion 

Average of the 3 
{Combination/3 > . 



3. The best inference : The number of red marbles in the group of 5 in 
the bag is inferred^ to be . 



The actual number of red marbles in -the bag is 
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X C Clill 


Member B : 
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\Data for Member A: 










TRIAX. NUMBER - 


NUf^BER HDF 


POINTS" UP 




NUMBER OF SI&ETS" - 




. ~' ^ 

1 




' / 




0 
» z 

/ * 


/ , * 














4 


: ■ ^ 






















' \ — ' 






TOTAL : - , 
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TRIAL NUMBER 
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Number of seeds, taken from baa lettered 


DAY 
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GERHir/A'TIONS 
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WORKSHEET V-5 



Team Members : 



SEED IS: 




COMPARTMENT. 



COPPER SULFATE 
CONCENTRATION 



NTJMBER OF \ 
GERMINATIOrJs 



COMMENTS 



HIGHEST 



/ 




1" 
y 



8 



LOWEST 



CONTROL^* 
(WATER) 



NONE 
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415 



Name: 



Page A 



1. IF YOU* EXAMINE A THIN SLICE OF AN APRLE AND THE LEAF AN APPLE 
TREE Ul^DER A MICROSCOPE, YOU WOULD FIND THAT THEY ARE BOTH MADE UP OF.. 

' " . ' . . . , 

.' A. STARCH. . ' . ^ 

•B.- CELLS. 

.-.^ C. -GREEN PARTICLES. ■ , 

I • ' ■ ■ ' . 

2. WHEN YOU STUDY THE CELLS FROM TWO DIFFERENT PARTS OF ^ PLANT, YOU 
W5£l PROBABLY FIND THAT^ THE CELLS • ■ ' 

lU DIFFER IN SIZE AND SHAPE. 

B. HAVE THE- SAME SIZE AND SHAPE. 

C. ARE NOT AT ALL ALIKE. ' f ' , 



3. CELLS WITHIN THE SAME PART OF A LEAF 

« 

A. ALWAYS LpOK EXACTLY THE SAMJ^. 

B. -HAVE MANY * DIFFERENT SIZES ANp SHAPES, 

C. USUALLY LOOK A LITTLE 'DIFFERENT FROM EACH OTHER. 



4. CELLS ARE- 

A. _ LARGER T^AN MOLECULES.' * • 

B. SMALLER THAN MOLECULES. 

C. THE SAME SIZE AS MOLECULES*' 

5. ' CELiS CAN BE FOUND- 

A. ONLY AS PARTS OF PLANTS. 

B. ONLY AS PARTS OF AN JMALS . 

; C. AS PARTS' OF BOTH' PLANTS 'AND ANIMALS, 
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6. THE CELLS IN A LEAF . _ , ' 
A* ARE THE SMALLEST PARTICLES -IN THE PMNT. • 

B. MAY HAVE/SMALLER PARTICLES WITHIN THEM. 

C. HAVg'THE SAME SIZE AND SHAPE..- ■ 

7. IP YOU. -LOOKED AT POTATO AND BANANA ' CELLS . UNDER A MICROSCOPE,' YOU 
WOULD FIND THAT 

"••>'■ ' ^ ' 

A. THEY ARE EXACTLY* THE SAME, BECAUSE bBtH CONTAIN STARCH.. 



B. 



7 



THEY LOOK VERY DIFFERENT BECAUSE THEY COME FROM QUITE DIFFE- 
RENT PLANTS. - • • . «■ 



C. THEY ARE ALIKE In'*>IAVING WALLS SEPARATING THEM AND MATERIAL/ IN- 
SIDE THEM. r- ■ . ^ . 

8. PHILIP FOUND A LONG, VERY THIN THREADLIKE PIECE OF GREElj MATERIAL 
IN A S;\MPLE OF WATER HE, HAD TAKEN FROM A POND.. SINCE IT WAS GREEIJ 
HE THOUGHT THAT IT MIGHT BE SOME KIND OF-A PLANT. HIS FRIENDS SUG- 
GESTED THE FOLLOWING AS THINGS HE MIGHT* DO TO /FIND OUT FOR SURE. 
WHICH ONE DO YOU CONSIDER TO BE THE BEST SUGGESTION? 

A. USE A MICROSCOPE TO FIND o\jT IF IT HA*S LEAVES THAT CAN BE ' 
USED TO MANUFACTURE- THE FOOD, IT NEEDS. ' . 

J \ ' " . 

USE A MICROSCOPE TO fiND OUT IF IT HAS ROOTS THAT CAN BE USED 
TO TAKE IN THE WATER IT NEEDS. • - 

USE A MICROSCOPE TO "FIND OUT tF IT IS. MADE UP pF CELLS 'cLEARLY 
SEPARATED BY CELL WALXS . • .' 

.A' 



B. 



9, IN AN MJIMAL, CELLS ARE' 



A. MANY DIF.FERENT SHAPES AND SIZES. 



B 



ALIKE IN THAT THEY HAVE A^WALL^^A^B-^MATERIAL INSIDE. 
C . . ^OTH A and" B are TIJUE. 



./ 
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THET PICTURE SHOWS TWO SKIERS AT * ^ 
THE BOTTOM OP TWO HILLS. BOTJi . / 
SKIERS WEIGH THE SAME AJ40UNT. 
BOTH HILLS HAVE THE SAME KIND OF ' 
SURFACE. BOTH SKIERS ARE EQUALLY 
''GOOD. 

^ , ' Psggy Jane 

^ 1. WHICH GIRL WILL HAVE MORE POTENTIAL ENERGY AT THE TOP OF HER HILL? 

A. JANE. 'r ' ^ . 

B. PEGGY: ^ 

C VERY CLOSE TO THE SAME. 
» -* • 

r 

2. WHO WILL HAVE MORE KINETIC ENERGY AS THEY PAUSE JUST BEFORE THEY 
START DOWN? T 

A. JANE. 

B. PEGGY. \ , - ^ , 

C. THE SAME. , . ■ 

3. AS EACH ReAcH^THE BOTfOM<^ HER HILL, WHO WILL BE GOING FASTER? 
A. JANE. • ^ 

PEGGY. V. t 
cV VERY CLOSE TO THE SAME. i . 

'4. WHICH GIRL. WAS GOING FASTER AT THE BOTTOM OF HER HILL? 

A. THE ONE' WHO INCREASED HER POTENTIAL ENERGY MORE GOING DOWN. 

B. THE ONE WHO HAD THE MORE KINETIC ENERGY AT THE BOTTOM. 

C. Bj^ni STATEMENTS A AND B ARE ^RUE. ' 



IN THE LOBBY OF THE SKI LOD GE , W HOJAD THE MORE POTENTIAL JINERG^T? 

A. '.JANE. ■ ' ■ ^ 

B. -PEGGY. , • • 

VERY CLOSE TO THE SAME. 
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J [ ^ Name • ^ Page B ' 

1. MORRl^S LIFTED^A BOX WHICH WEIGHED 100 FORCE UNITS THROUGH A VERTI- 
CAL DISTANCE OF 5 UNITS. HOW MANY UNITS OF WORK DID HE DO? 

A. 5 UNXTS. 

B. .100 UNITS. 

C. 500 UNITS. _ . ' 

V 

2. ' DARRELL SAID HE DID AS 'MUCH WORK AS MORRIS BUT HE LIFTED HIS BOX 
10 VERTICAL' DISTANCE UNITS. HOW MUCH DID DARRELL' S BOX WEIGH? 

A. 5 F'ORCE UNITS. . ' ' 

B. 50 FORCE UNITS. * 

C. * 10 0 FORCE ^ UNITS. 

* V 

i 

3. DEAN^USED 100 FORCE UNI^S TO PUSH A TABLE OVER A D/^tS^CE OF 3 
DISTANCE UNITS. JOE USED J3 FORCE UNITS TO PUSH A DIFf^RENT TABLE ON 
THE SAME FLOOR 100 DISTANCE UNITS. WHO DID MORE WORK& 

A. , EJEAN, 

B. JOE. 

C. TftEY DID THE SAME AMOUNT OF WORK. 

a 

4. PHIL USED 1 FORCE UNIT TO MOVE'A PIECE OF PAPER 1 DISTANCE UNIT. 
ARNOLD EXERTED 500 FORCE UNITS ON THE WALL OF HIS HOUSE BUT IT DIDN'T 
MOVE. WHO DID MORE WORK? ^ . , 

A. ^HIL. ' . 

B. ARNOLD. / ; • ■ , 



D .THE 



THEY DID .THE SAME AMOUNT OF WORK, 



5. KANDY SAID SHE WORKED VERY HARD ALL DAY. KANDY WEIGHS 25 FORCE 
UNITS AND SHE SAT IN A CHAIR FOR 3 HOURS. HOW MUCH WORK DID KANDY DO? 

A. NO WORK. ^ ^ 

'' . - ' 

B. 25 WORK UNITS. > * ' ' 

C. 75 WORK UNITS. 

^ , 

. ' ■ ' 42-3 
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* N^me: Page C 

1. TWO BOYS LIVE IN AN APARTMENT BUILDING ON THE THIRD FLOOR. ONE 
AFTERNOON, BOB CLIMBED THE STAIRS AND JOE TOOK THE ELEVATOR. WHO DID 
MORE WORK? - ^ 

A. BOB. ' • . 

B. JOE. 

C. THEY DID THE SAME AMOUNT OF ?!/QRK, 

2. IN QUESTION 1, WHICrf' BOY HAD MORE POTENTIAL ENERGY ON THE MIRD 
FLOOR? . , , 

a; joe. 

^ B. BOB. ' • S 

C. IT DEPENDS ON WHO IS HEAVIER. 

3. BOB CARRIED HIs' BALL DOWN STAIRS TO PLAY ON THE 'SIDEWALK. JDE 
DROPPED HIS BALL, WHICH WAS THE SAME KIND AS BOB'S,' FROM THE THIRD - 
FLOOR WINDOW TO WHERE BOB WAS STANDING. AT THE MOMENT BEFORE JOE'S 
BALL HIT THE SIDEWALK, WHOSE BALL HAD MORE KINETIC ENERGY? . « 

's, . r *. 

A. 30B'S. 

B. JOE'S. ** 



C. BOTH BALLS ^AD THE SAME KINETIC ENEBGY. 

4. IN QUESTION 3, AT THE MOMENT WHEN BOB'S BALL WAS^O^ THE SIDEWALK 
AND JOE'S BALL HIT THE SIDEWALK, WHICH BALL HAD MORE POTENTIAL ^ENERGY 

A. BOB'S. 

B. JOE'S^ • . 

C. BOTH BALLS HAD THE-. SAME' POTENTIAL ENERGY. • ^ - ~ 

5. NEXT MORNING, JOE RAN UP THE STAIRS. IF HE HAD WALKED UP, HE WOULD 
HAVE DONE: , .. . ' 

.A. MORE WORK. 

B. THE SAME AMOUNT OF WORK.. - . 

■-4, , ' • , ' 

C. , LESS WORK. ' \ " 

^ ^ - 
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1. WHEN A 'solid CHANGES TO A" LIQUID, ' 

A. THE TEMPERATURE QF; THE SUBSTANCE ALWAYS fNCREASES. ' ' ' 

B. Tfe' MOLECULES , OF THE SUBSTANCE MOVE MORE FREELV. ' ■ 

C. -the' NUMBER OF MOLECULES INCREASES. 

2. MELTING ALWAYS INVOLVES:* 

A. THE ADDITION OF HEAT ENERGY TO THE ' SYSTEM. • ^ 

B. THE OVERCOMING OF SOME BINDING FORCES .rW THE SOLID. 

C. BOTH- STATEMENTS A AND B ARE TRUE. ^ \ • 

3. MANY SALTS GOING INTO SOLUTION INVOLVE: 

'A. . THE ABSORPTION "OF HEAT ENERGY FROM THE WATER. 

B. THE OVERCOMING OF 60ME BINDING FORCES IN THE SOLID. 

C. BOTH .STATEMENTS A AND B ARE TRUfi*. • - _ 

4. ,WHEN SODIUM CHLORIDE (TABLE SALT) " GOES INTO SOLUTION. 

A. THERE is, AN ATTRACTION BETWEEN THE SAiT MOLECULES AND WA^ER 
MOLECULES'. v - 

] *■ ' ' M 

-&r HE-AT ENERGY IS GIVEN ^F. 

. C. HB^^T ENERGY ZHJIHE^WmiER NIAKES THE SALT CRYSTAJ. SWELL AND 
BURST. ■ ^ 

. « . ■ J, 

5. MORRIS ADDED, A SALT TO WATER. THE TEMPERATURE . OF THE LIQUID •DE- 
CREASE!). THE~R0ST LIKELY REASON FOR THIS OBSERVATION IS THAT: 

A. THE SALT WAS VERY COLD ^SJD COOLED* THE WAT^IR WHE^T _MELTED. 

B. HEAT. ENERGY WAS USED' IN BREAkiNG- APART TIpL I^ifikinjSsOF SALT 
IN THE SOLID. Y v^^S^ ,, 

C. THE SALT- CAUSED SOME WATER TO EVAPORATE, TliUS POOLING THE 
SYSTEM. ' ^. . ' 
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6. SOMETIMES WE SEE ROCK OUTCROPPINGS WITH GREAT GASHES AND PITS IN 
THEM. IT IS MOST LIKELY THAT: ' 

A. LAYERS OF SOLUBLE SALTS WERE THERE JWHEN THE ROCK WAS FIRST 
EXPOSED. 

B. EXPOSURE -TO THE SUN EVAPORATED THE SALT. 

C. ANIMALS HAD USED UP ALL THE SALT AS- A "SALT LICK". 

.7. WHEN DIFFERENT SALTS GO INTO SOLUTION, IN WATER, 
/A. ALL THE SOLUTIONS ARE SATURATED ONES. 

• « » 

B. TEMPERATURE DECREASES ARE THE SAME FOR ALL SALTS. 

C. . fHE PARTICLES OF- THE SALT MOVE MO^ FREELY^^. 



8. JANICE DISSOLVED SOME S A LTV IN WATER." THE TEMPERATURE DECREASES AS 
THE SALT GOES INTO SOLUTION, BUT SOME UNDISSOLVED SALT REMAINS IN THE 
CONTAINER. WHEN MO^E OF THE SAME SALT IS ADDED, THE TEMPERATURE OF 
THE SYSTEM: 

A. CONTINUES TO DECREAS;^ * ^ 

B. STAYS THE 'same. X • ^ - • 

t / 

C. - INCREASES. ^ ' ^ , ' " ^ 

/ 

9. WHEN A SALT' SOLUTION IS LEFT OPEN TO AIR, 

A. WATER MOLECULES TAKE UP HEAT ENERGY AND GO INTO 'A GAS. 

a s ^ * 

' B. ,SALT MOLECULES RE-FORM INTO SOLIt) CRYSTALS AS THEY GIVE UP ■ 
HEAT -ENERGY. ' . ' - . 

"C. BOTH" A AND B' ARE TRUE. 
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QUESTIONS 1, 2, AND 3 HAVE TO DO WITH DARRELL'S EXPERIMENT. DARRELL 
•completely dissolved a sample of hypo crystals in water at SeCM TEMPER- 
ATURE AND THEN STORED IT IN X REFRIGERATOR. ' > 

1. THE TEMPEkATURE. OF THE SOLUTION WHEN HE >^EMOVED IT WAS ,5°C. WHICH 
OF THE FOLLOWING WOULQ HE MOST LIKELY OBSERVE? 

A. A LOT -OF HYPO CRYSTAL^ IN THE CONTAINER. 

B. ICE IN THE CONTAINER. ' - " ' 

C. >N0 CHANGE IN THE CONTENTS OF "THE CONTAINER. 

' ' ■ 

2. IF DARRELL WARMED THE SOLUTION UP TO ROOM TEMPERATURE AGAIN, THE 

FOLLOWING WOULD MOST LIKELY HAPPEN: 

■> » 

A. THE HEAT* ENERGY IN THE SYSTEM WOULD BECOME GREATER THAN BEFORE 
HE STORED IT IN THE REFRIGERATOR. 

B. THE HEAT ENERGY OF THE SYSTEM WOULD BECOME THE 'SAME AS BEFORE 
HE STORED IT IN THE REFRIGERATOR. 

C. MORE HYPO CRYSTALS WOULD GO ' INTO SOLUTION AS' HE WARMED IT.-> 

3. IF HE HAD ADDED A LITTLE MORE HYPO BEFORE HE WARMED THE ABOVE 
SOLUTION, THE MOST 'LIKELY RESULT WOULD HAVE BEEN: • 

A. NO CHANGE IN THE SOLUTION. 

B. FURTHER DECREASE IN TEMPERATURE OF THE SOLUTION. 

C. HYPO PRECIPITATING FROM THE SOLUTION.' 
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QUESTIONS 4 AND 5 HAVE TO DO WITH THIS SITUATION: PHIL HAS TWO CON- 
TAINERS WITH THE SAME AMOUNT OF CLEAR LIQUID *IN EACH. CONTAINER X- 
HAS WATER IN IT, BUT HE DOES NOT KNOW WHAT IS IN CONTAINER X: 



4. HE DROPS THE SAME AMOUNT OF A SALT INTO' EACH CONTAINEk. THE 
TEMPERATURE IN CONTAINER X GOES DOWN. BUT THE TEMPERATURE IN CONTAIN- 
ER y GOES UP. WHICH OF THE FOLLOWING MOST LIKELY DESCRIBES WHAT HAP- 
PENED? 

A. HEAT>ENERGY WAS ABSORBED BY THE SALT GOING INTO SOLUTION IN 
CONTAINER X, THUS STRENGTHENING ITS MOLECULAR BONDS. 

B. THE TEMPERATURE IN X AND IN J EQU^^LIZED SINCE THEY WERE DIF- 
f'ERENT TO START WITH. 

C. THE LIQUID IN Y WAS SUPERSATURATED WITH THAT SALT AND IT 
PRECIPITATED. 

, S - , 

5. AFTER OBSERVING THE ABOVE, PHIL MADE SURE THAT THE SOLUTIONS IN X ' 
AND Y WERE AT THE SAME TEMPERATURE BY WARMING UP THE COOLER SYSTEM. 

HE THEN ADDED MORE OF THE SAME SALT TO X UNTIL IT WAS SATURATED, AND 
ADDED THAT SAME AMOUNT OF THE SALT TO J.. WHICH OF THE FOLLOWING WOULD 
HE MOST XlKELY OBSERVE?' " 

A. THE TEMPERATURE OF THE SOLUTION IN X WOULD DECREASE. 

B. THE TEMPERATURES IN.jf AND Y WOULD REMAIN THE SAME. 

C. THE TEMPERATURE IN SOLUTION X WOULD INCREASE. 



\ 



\ 
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ALL, SOLUTION (HIGH' TEMPERATURE) 




HEAT ENERGY 
GIVEN OFF 



SUPERSA3JURATED SOLUTION 



8, 
9. 



HEAT ENER-GY 
ABSORBED 



EXCESS SALT + SATURATED 
SOLUTION 



SALT + WATER 



A. EXCESS SALT ' % 

B. HEAT ENERGY ^^ORBED 

C. ^ HEAT ENERGY GIVEN OFF 

•s * ft 

D. SATURATED SOLUTION^ 

E. SEED CRYSTAL ADDED 

F. SUPERSATURATED SOLUTION 
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1. IF YOU WANTED TO CONVERT POTENTIAL ENERGY INTO AS MUCH KINETIC 
ENERGY AS POSSIBLE, YOU WOULD: 

, A. TRY TO INCREASE THE AMOUNT OF HEAT ENERGY PRODUCED. 

7v - 

B. TRY TO DECREASE THE AMOUNT OF HRST EifeRGY PRODUCED. 

C. NOT Bfe CONCERNED WITH HEAT ENERGY. 'v 

' ■ . . V. 

2. ' WHEN A BALL BOUNCES UP FROM THE -GROUND, THE ELASTIC iKiTENTIAL 
ENERGY QF THE BALL^ IS CONVERTED INTO: . J. 

\^ 

A. CHEMICAL ENERGY AND "HEAT. / 

■ . • . ■ '1 

B. KINETIC ENERGY. / 

• • \ ■ . / 

C. .KINETIC ENERGY AND\HEAT. 

\ ■ • . 

3. IF- THERE WERE NO FRICTION^ WE COULD CONVERT ONE FORM OF MECHANI-' 
CAL ENERGY TO ANOTHER. , » ' 

' . A. WITHOUT ANY HEAT ENERGY BEII«3 PRODUCED. 

f 

B. COMPLETELY, WITH ONLY A SMALl' AMOUNT OF HEAT ENERGY PRODUCED. 

C. MUCH MORE SMOOTHLY AND RAPIDLY. 

4. DEAN HAS A BATTERY-OPERATED 'TOY CAR. WHEN HE RUNS IT, i^T IS 
HAPPENING? ^ ' • ' ' ■ • . 

A. KINETIC ENERGY' IS BEING TRANSFORMED TO ELECTRO-CHEMICAL ' ""^ 
fi ENERGY. • - . . • ; ^ • 

B. ELECTRO-CHEMICAL ENERGY IS BEING TRANSFORMED TO KINETIC 
ENERGY. 

\ - 

C. ELASTLC POTENTIAL ENERGY IS BEING TRANSFORMED INTO KINETIC 
ENERGY. ■ . - . . * ffc. 



r 

/ 



r 
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PLACES THE CAR ON A 
TO 'RUN DOWN . WHAT 



S. DEAN REMOVES THE BATTERY FROM THE CA 
PLATFORM AT THE TOP OF AN INCLINE, AL 

HAPPENS? - . , 

\ - 

^ a. §tectro- chemical potential energy is converted to kinetic 
energy: 

b. ki!ietic energy is converted to gravitational potential energy, 
.c. gravi'eatiqnal potential energy is converted to' kinetic energy. 

- S • . 

6. WHILE THE CAR IS IRVING DOWN- THE INCLINE WITHOUT THE BATTERIES, 
SOME HEAT ig PRODUCED. ■ THE REASON THIS HAPPENS IS THAT: 

A. SOME KINETIC ENERGY IS CONVERTED TO HEAT ENERGY. 

B. SOME HEAT -ENERdY IS ABSORBED AS POTE^IAL ENERGY. 

C. SOME POTENTIAL ENERGY IS CONVERTED DIRECTLY TO HEAT ENERGY. . 

7. WHEN WE EXERCISE, WE CONVERT ' ] 
A. CHEMICAL ENERGY TO KINETIC ENERGY. . • ■ 

. B.. ' CHEMICAL ENERGY TCl^AT ENERGY. ■ - ^ 

C.^ BOTH STATEMENTS A AND B" ARE TRUE. 

8. ' IN ARE^IS WifERE RAIN IS F^REQtJENT AND THE CLIMATE IS DAMP, MANY 
PEOPLE LEAVE A LIGHT BULB BURNING ALL THE TIME IN EACH CLOSET. THE 
MAIN PURPOSE OF THIS PRACTICE IS TO: 



A. 
B. 
C. 



CONVERT ELECTRICAL »ENERGY TO HEAT. ^ 

MAKE IT EASIER TO FIND THINGS.. 

CONVERT POTENTIAL ENERGY TO'. KINETIC ENERGY. 



) 
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1. _ IN NORTHERN i^REAS , WHEN THE SPRINGTIME SUN MELTS SNOW AND TH£ 
WATER EVENTUALLY TURNS TURBINES IN POWER PLANTS, THE CONVERSIONS OF 
ENERGY PROM ONE FORM TO ANOTHER ARB. MANY. MATCH THE KIND OF CON- 
VERSION TO THE EVENT. BY WRITING THE NUMBER OF THE CONVERSION IN THE 
SPACE 'PROVIDED. • . ' , ' 



□ a. 

□ c. 
Od. 

□ e. 



• • . CONVERSIONS OF ENERGY 

1. RADIANT' ENERGY TO HEAT ENERGY. 

2. POTENTIAL ENERGY TO KINETIC ENERGY 

3. KINETIC ENERGY TO ELECTRICAL ENERGY 
A* POTENTIAL ENERGY TO HEAT ENERGY 

,5. HEAT ENERGY TO KINETiC ENERGY 

6. - ELECTRICAL ENERCJY TO RADIANT ENERGY 

7. RADIANT ENERGY TO CHEMICAL ENERGY 

EVENTS 

SNOW MELTS AND -COLLECTS INTO MOUNTAIN ^LAKES . 
TURBINES SPIN AND PRODUCE ELECTRICITY. ' 
mTER SPILLS y^OM LAKES INTO BROOKS AND RIVERS 
'ELECTRIC pdWr PROVIDES FREEWAY LIGHTING. 
PLANTS FLOURISH IN SPRING SUNLIGHT. ' 




2. ON THE LEFT BELOW ARE DESCRIPTIONS Of SIX KINDS OF ^INERGY CON- " 
VERSIONS. ON THE RIGHT ARE THE NAMES OF THESE CONVERSIONS. DRAW A 
LINE BETWEEN EACH DESCRIPTION AND EACH OF THE NAMES. THET FIRST DES- 
CRIPTION IS ALREADY MARKED. • . 

1. A FLASHLIGHT^, SHINING ON A-v A. CHEMICAL ENERGY ^RADIANT ENERG!^ 

DARK WALL. ^ 



2. A CHILD RUBS HIS HANDS * 
TOGETHER. 

3. A BATTERY LIGHTS A BULB. 

4. A STEAM ENGINE. 

5. DROPPING A ROCK. 



B. POTENTIAL ENERGY ^KINETIC ENERGY 



C. RADIANT ENERGY 

D. KINETIC ENERGY- 

E. HEAT ENERGY 



->HEAT ENERGY 



HEAT ENERGY 
^ KINETIC ENERGY 
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SITUATION A: THE "CUBE YOU WORKED WITH IN ACTIVITY 2 HAD SIX fACES. 
EACH ONE WAS A SQUARE. CONS IDER ■ NOW ANOTHER SITUATION. LOIS HAS A . 
DIFFERENTLY SHAPED SOLID--ONE WITH FOUR FACES." EACH ^ 
FACE IS IN THE SHAPE OF A TRIANGLE Zi:.. THE THREE n /K 

SIDES*^F THE, TRIANGLE ARE ALL EQUAL. A PICTURE OF >. 
THE SOLID OBJECT IS SHOWN AT THE RIGHT. EACH FACE / 4 'ftk 

IS LABELLED WITH- A LETT^IR; A AND B ARE ON THE FACES / ^^Wk, 
YOU CAN SEE. - FACES C AND D ARE HIDDEN. ^HE ARROWS / * w///^. 

POINT TO THEM. HAVE YOU ANY QUESTIONS ABOUT THIS' / W/Mm 

OBJECT? HERE IS QUESTION 1. ' \ ' ■W/////M. 



1» WHEN LOIS DROPS THIS OBJECT ON A TABLE, SHE CAN SEE THREE SIDES, 
BUT NOT THE FOURTH ONE ON WHICH IT LANDS. ON WHICH FACE WOULD THE OB- 
JECT BE EXPECTED TO LAND? ' . ' . ' ' . 

A* FACE A IS MOST LIKELY. 

B. ANY FACE BUT D. 

C. ONE CAN'T PREDICT THE RESULT t)F ONE DR©P . 



I 



2. ^. IF THIS OBJECT WERE DROPPED. MANY TIMES, AND A RECpRD KEPfl? OF THE 
FACES ON WHfCH IT LANDED, WHICH OF THE FOLLOWING STATEMENTS WOULD BE 
MOST REASONABLE? * - - . , • 

■A.. THE FACES HAVE NEARLY ^QUAL FREQUENCIES. 

B. THE RECORD WILL BE CONSISTENT WITH THE PHYSICAL PROPERTIES OF 
THE OBJECp?. . ) \ - • . ■ 

C. BOTH STATEMENTS A AND b'' ARE TRUE. 

3: SUPPOSE LOIS WERE TO DROP THIS- OBJECT "TWi^E.* OF .THE RESULTS DE*S- 
CRrSED BELOW FOR TWO DROPS, .WHICH LANDINGS WOULD BE THE MOST LIKELY, 

, A. FACE A. IN THE FIRST DROP, FACE B ON THE SECOND. ^ ^ 

B. FACE B OR D ON THE FIRST DROP, FACE D OR B ON THE SECOND. 

.. • . «• , • » 

C. IT WOULD LAND QN FACE C BOTH DROPS. 
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4. SUPPOSE INSTEAD OF LETTERS, LOIS NUMBERED THE SIDES: A=l; B=2; 
C=3; D=4. SHE THEN DROPPED THE O^ECT TWICE. AND ADDED UP THE NUMBERS' 
-OF THE FACES ON' WHICI^IT LANDED. WHICH SUM WOULD BE MOST LIKELY? 

A. THE SUM' OF 2 . ; - . 

B. THE SUM OF* 8. . ' « 

C. ^THE SUM OF 5. 

IN THE SPACE PROVIDED BELOW, WRITE THE VALUE OF THE MC^T LIKELY SUM AND 
ITS PROBABILITY. USE THE TABLE BELOW TO HELP VOU DECIBE. ^ ' 



MOST LIKELY SUM = 



ITS PROBABILITY IS 



/16 . 



FACE- 




1 


2 


3 


4 • 














1 






3 






2 












3 










^7 


4- 














^^^^^^ ". 
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HERE IS SITUATION B: A BAG CONTAIf^S SOME MARBLES. SUPPOSE :ifOU MADE 

14 DRAWS OF THE MARBLES OUT OF THE BAG, ONB MARBLE AT A TIME. YOU PUT 

EACH MARBLE BACK IN THE BAG ''BEFORE THE NEXT DRAW. THfi NUMBER OF DRAWS 

FOR EACH TYPE OF MARBLE IS SHOWN B.^LOW. ' 



COLOR FREQUENCY 
RED /> 2 ■ 



> 



BLUE -5^ • ^ 

YELLOW 7 



HERE ARE SOME QUESTION^ABOUT THE BAG "©B^ MARBLES . 



1. WHICH OF THE FOLLOWING STATEMENTS SEEMS MOST REASONABLE? ^ 
^ A, THE MARBLES'' IN THE BAG ARE EITHER. RED, BLUE, Oil YELLOW. 

** 

B. THE DRAWS J^ERE BIASED BECAUSE THE TALLIES SHOULD BE MORE NEARLY 
EQUAL. ^ ^ . 

C. -THERE ARE/E^CTLr THREE MARBLES IN THE BAG. 

■% ■ " ■ • ■■ ■ ' 

2. IF YQti^WERE TOLD/THEI^ ARE ONLY' SIX MARBLES IN THE BAG, HOW MANY 
WOULD YOUJHINk AREl 'COLORED BLUE?/ J . ^ ' 

r / \r . 

A. TW0,MARBLES3. Akfl BLUE." . ' ' - ■ 



B. FIVE MARBLESHh^E BLUE."*% » ' 

C. NOT ENOUGH IN^RMATION TO MAKE^ A" GOOD^UESS. 
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,ITUATION C: YOU HAVE PROBABLY OSED A SPINNER. 
ERE IS ONE WITH FOUR EQU^ SECTORS LABELLED, 
A, B, C, D, AS SHOWN AT THE RIGHT... NANCY ANI? 
JOE MADE A TOTAL OF 60 SPINS. THE FREQUENCIES 
(OR NUMBER OF TIMES THE SPINNER STOPED IN A 
PARTICULAR SECTOR) WERE A=5 TIMES, B=15 TIMES, 
■€=30 TIMES, D=10. TIMES. 




HERE ARE SOME QUESTIONS ABOUT THE SPlNNER. 'CIRCLE THE LETTER OFT THE 
ANSWER YOU PREFER./ . m ' 

^ ' ■ ' .■ ■ . -A 

1. WHICH OF THE FOLLOWING STATEMENTS IS MOST LIKELY . CORRECT? 

A. THE DATA ARE WRONG, AS^HIS RESULT IS IMPOSSIBLE'. 

B. THE RESULTS ARE WITHIN EXPECTED VARIATION DUE TO CHANCE. 

C. there" is some influence on sector C at THE EXPENSE OF. SECTOR A. 

2. NANCY ANd JOE KEPT- TRACK OF EVERY TWO SPINS AS'thEY COLJiECTED 
THEIR DATA. WHICH OF THE FOLLOWING PAIRS OF SPINS WOULD BE MOST 
LIKELY? 

s ■ ^ 

A. THE PAIR (A, C)'*' 

3. THE PAIR (B, B) . ■ ^ ' ' ' 

C. THE PAIR (B, C) \ ' . t 

3. it NANCY ^ND JOE MADE SURE THE S'PINN^R WAS PERFECTLY BALANCED (NOT 
INFLUB^JCED) , AND THEN THEY SPUN IT^ THEY ^WOUI^J FIND TliAT: 

A. THE SPINNER WOULD ALWAYS STOP IN ^HE SAME SECTOR. 

* • - • • > ■ 0 

B. .THE SPINNER WOULD STOP AT EACH "SECTOR THE SAME 'NUMBER OF TIMES 

(THE SAME FREQUENCY) . ' • — * 



C". NEITHER *A NOR^B IS TRUE. 
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SITUATION D: THE HISTpGRAM AT THE RIGHT SHOWS 
THE FREQUENCY DISTRIBUTION OF HEIGHTS OF 100 
CHILDREN. THE UNITS ON THE LINE ARE INCHES OF 
HEIGHT. 



10 



□ 



IS 



M 10 



. ♦ 
» 
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HERE ARE THE QUESTIONS". .CIRCLE THE LETTER FOR THE ANSWER YOth t>REFER. 
1." THE MOST FREQCfE^ITLY OCCURRING HEIGHT IN THE TOTAL GROUP IS ABOUT- 



A. "40-60 INCHES, 

B. 47 INCHES. 

C. 52 INCHES. 



2. ^ WHICH OF THE FOLLOWING STATEMENTS IS ' MORE LIKELY CjDRRECT? 

^. THERE ARE MANY ERRORS OF MEASUREMENT if" THESE DATA. 

B. THE^ILPREN ARE- APPARENTLY ALL FROM THB- SAME POPULATION. 

C. THE CHILpREN MAY COME FROM TWO DIFFERENT *AGE GROUPS. 

3. IF -THE CHILDREN- ARE ALL FROM THE F1fTH| GRADE IN A SCHOOL. ' 

» 

A. ABOUT- 40 OF THEM ARE fROB^^^Y- BOYS . ' 

B. ALL TH^ DIFFERENCES ARE DUE T0° VARfATIONS EXPECTED IN SAMPLING. 

C. THE NUMBER OF CHILDREN At" EACH HEIGHT SHOULD' BE.THB SAME.' 

, ■■ ' ». - 

4. IF THE DATA SHOWN REPRESENTED THE NUMBER OF GAMES WON BY CHILDREN 
IN A CHECKERS TOURNAMENT RATHER THAN HEIGHTS, 

A. ALL OF THE CHILDREN WOULD HAVE BEEN. EQUALLY SUCCES|FUL. ■ . 

ABOUT HALF OF THEM ;4AY HAVE HAD SPECIAL TRAINING. 

K ■ ♦ r . , • - . • • ^ 

e. NO INTERPRETATION OTHER THAN CHANCE SHOULD BE MADE. ' ' - ■ .j 



/ • 
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SITUATION E: JOHN AND CARQL DECIDE TO MAKE THEIR^ OWN RUBBER BAND SCALE 
WHICH TH,EY CAN USE ^TO WEIGH OBJECTS. TIJEY. HAVE AVAILABLE A STRONG 
RUBBER BAND, A CONTAINER, A SMALL UNIT MEASURE CUP, PLENTY OF STRING 
AND CARDBOARD, AND UNLIMITED AMOUNTS OF WATER. THEY -DECIDE THEY NEED 
FIVE DIFFERENT POSITIONS ON THE SCALE TO CORRESPOND TO FIVE DIFFERENT 
UNITS OF WEIGHT. THE CONTAINER WILL HJLD MEASURES OF WATER. 

1. WHICH OF THE FOLLOWING PLANS WOULD BE MOST" USEFUL TO THEM?\ 

0 

A. PUT A UNIT MEASURE OF WATER JtN. Tlffi CUP AND SEE HOW MOCH IT 
STRETCHES -THE RUBBER, BAND. 

B. PUT FIVE DIFFERENT NUMBERS OF MEASURES OF WATER IN THE CON- 
^ V TAINER AND MARK HOW FAR EAC^ STRETCHES THE RUBBER BAND. 

C. MEASURE THE STRETCH FOR FIVE DIFFERENT NUMBERS OF MEASURES OF 
^ WATER MANY TIMES EA€H ^^ND FIND THE AVERAGE POSITION FOR EACH 

MEASURED AMOUNT. 



2. ^ THE ANSWER YOU CHOSE ABOVE^S BEST BECAUSE: 

A. IT ACCOUNTS FOR ALL THE STRETCH IN THE RUBBER BAND. . 

B. IT ALLOWS FOR ERROR IN REPEATING A .MEASUREMENT. 
. C. IT IS THE EASIEST ONE TO DO. ' • . 

3. ,IF JOHN AND CAROL HAD MADE REPEATED MEASUREMENTS, 'THEY WOULD HAVE 
THE- MOST C0NF;E-DENCE IN USING THE SCALE IF THE MARKS LOOKED LIKE: • 











-1 




El 




-2 




-A 




-3 




E3 




-4 








-5 
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